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ASTM 
BGS 
cm/sec 
ft/min 
GW 
(1) 
IHSS 
MW 
NIA 
o u 1  
(P> 

psi 
PVC 
PZ 
RCRA 
R E M  
RFP 
SOP 
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cm/sec 
C 
"C 
DOE 
EMD 
ft 
ft/min 
ft"/min 
ft3/min 
gpm 
HDPE 
I.D. 
ISA 
ISE 
k W  
mg/l 

American Society for Testing and Materials 
below ground surface 
centimeters per second 
feet per minute 
ground water 
development by injection methods 
Individual Hazardous Subtance Site 
monitoring well designation 
not applicable 
Operable Unit No. 1 
bedrock boreholes in which packer tests were performed prior to well 
installation 
pounds per square inch 
polyvinyl chloride 
piezometer designation 
Resource Conservation and Recovery Act 
RCRA Facility Investigation/Remedial Investigation 
Rocky Flats Plant 
Standard Operating Procedure 

centimeter per second 
concentration of bromide in extracted fluid 
degree Celsius 
Department of Energy 
Environmental Management Department 
feet or foot 
feet per minute 
square feet per min 
cubic feet per minute 
gallons per minute 
high density polyethylene 
inside diameter 
ionic strength adjuster 
ion selective electrode 
kilowatt 
milligrams per liter 
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ml 
O.D. 
o u 1  
PH 
PPE 
psi 
PVC 
Q 
RCRA 
RFI/RI 
RFP 
rpm 
sc 
SOP 
s w  
pmh o s/c m 

milliliter 
outside diameter 
Operable Unit No. 1 
negative logarithm of hydrogen ion concentration 
personal protective equipment 
pounds per square inch 
polyvinyl chloride 
discharge rate 
Resource Conversation and Recovery Act 
RCRA Facility Investigation/Remedial Investigation 
Rocky Flats Plant 
revolutions per minute 
specific conductance 
standard operating procedures 
drawdown 
micromhos per centimeter 
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ATTACHMENT B2-1 
FIELD ACTIVITIES CHRONOLOGY 
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Day Date Time 

T-W 11/05-06/91 - 

Th 11/07/91 

W 11/13/91 

Sat 11/16/91 

T 11/26/91 

W 11/27/91 

M 12/02/91 

T 12/03/91 

Activity 

Site reconnaissance of three planned multiple-well pumping and 
tracer test sites (Sites 1, 2, and 3). 

Drill borehole 3869l/monitoring well 37 in Site 1 vicinity. 
Bedrock encountered at 6.5 feet, total depth of 10.2 feet; borehole 
is dry; borehole abandoned. 

Drill monitoring well 37 offset/borehole 38791 located 20 feet 
north of Borehole 38691. Bedrock encountered at 6.5 feet, total 
depth of 10.2 feet; borehole is dry; borehole abandoned. 

Drill pilot hole lborehole 39091 for Site 1, located 98.7 feet east 
of borehole 3009lborehole 54. Borehole was offset twice due to 
auger refusal. Bedrock encountered at 6 feet, total depth of 8 
feet. Approximate depth to water of 2.6 feet; borehole abandoned 
(1 1/14/91). 

Drill pilot hole 2borehole 39391 for Site 2. Bedrock encountered 
at 4.5 feet, total depth of 8 feet; borehole is dry; borehole 
abandoned. 

Drill pilot hole 3borehole 39791 for Site 3. Bedrock encountered 
at 4.5 feet, total depth of 8 feet; borehole is dry; borehole 
abandoned. 

Install single wellpoint (3989 1) for single-well step-drawdown and 
tracer evaluation tests, located 29.3 feet east (approximately 
downgradient) of pilot hole lborehole 39091. Augered to an 
approximate depth of 5 feet, driven to an approximate depth of 6 
feet. Approximate depth to water of 2 feet. 

Development of wellpoint 39891. Wellpoint bailed dry after 
removal of approximately six well casing volumes (3 gallons). 

Continue development of single wellpoint until parameters @e., 
pH, conductivity, and temperature) stabilize. Collect water quality 
sample (BHOlOlOEBUl) after development complete. 

Start step-drawdown test. 
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I& Date Time 

16:13 

F 102/06/91 10:20 

16:15 

16:35 

Sat 12/07/91 - 

Sun 12/08/91 - 

M 12/09/9 

T 12/10/91 - 

16:lO 

23:02 

23:12 

W 12/11/91 09:20 

Th 12/12/91 - 

F 12/13/91 - 

0858  

1555 

881fliPTO061 9/30/92 954 am pf 

Activity 

Stop step-drawdown test, wellpoint is pumped dry during second 
step of test. Test conducted for an elapsed time of 74 minutes. 

Start second step-drawdown with lower pumping rates than test of 
1210319 1. 

Stop pumping; test consisted of eight steps for an elapsed time of 
355 minutes. Monitoring well recovery. 

Stop data logger after well recovery. 

Install wellpoints for multiple-well pumping and tracer tests. 
Nine wellpoints installed (Wellpoints E l  to E5, and 01 to 04). 

Continue installation of wellpoints. Six wellpoints installed 
(wellpoints 0 5  and I1 to 15). All wellpoints were driven to an 
average depth of 6 feet. 

Development of wellpoints in multiple-well array. 

Field preparation for single-well tracer test evaluation for distilled 
water. 

Field preparation, continued. 

Began injection stage with distilled water. 

Finished injection stage; injected 30 gallons in 412 minutes. 

Began extraction stage. 

Finished extraction stage; extracted 38 gallons in 583 minutes. 

Field preparation for single-well tracer test for potassium bromide 
solution. 

Field preparation, continued. 

Began injection stage with bromide solution. 

Finished injection stage; injected 30 gallons in 407 minutes. 

OU1 Phase III RFURI Report 



Dav 

Sat 

Sun 

M 

T 

W 

Th 

M 

Th 

M 

M 

Th 

W 

Th 

Date 

12/14/91 

12/15/9 1 

12/16/9 1 

12/17/9 1 

12/18/9 1 

12/19/9 1 

12/30/9 1 

0 1/02/92 

01/06/92 

0 1 / 1 3/92 

01/21/92 

01/22/92 

01/23/92 

Time 

16:02 

04:22 
- 

- 

- 

- 
12:oo 

1656 

12:46 
20:46 

11:36 

- 

- 

- 

- 

- 

- 

- 

09:50 

14:40 

Activity 

Began extraction stage. 

Finished extraction stage; extracted 41 gallons in 633 minutes. 
Development of wellpoints in multiple-well array, continued. 

Development of wellpoints, continued. 

Completed development of wellpoints; field preparation for 
multiple-well constant-rate pumping test. 

Field preparation, continued. 
Start multiple-well pumping test. 

Multiple-well pumping test discontinued after six successively 
higher pumping rates failed to induce measurable drawdown in 
the wellpoints. 

Start multiple-well pumping test. 
Stopped pump after an elapsed time of 480 minutes, start 
monitoring recovery. 

Shut off data loggers and stopped monitoring recovery after an 
elapsed time of 890 minutes. 

Measured water levels in wellpoint array. 

Measured water levels in wellpoint array. 

Measured water levels in wellpoint array. 

Measured water levels in wellpoint array. 

Field preparation for multiple-well tracer test. 

Field preparation, continued. 

Field preparation, continued. 

Began establishing gradient; adjust electrodes. 

Gradient satisfactory, system stabilized. 
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Dav Date e 
F 01/24/92 

Sat 01/25/92 

Sun 01/26/92 

M 01/27/92 

T 01/28/92 

W 01/29/92 

Time 

15:05 

- 

08:46 

12:20 

13:45 

- 

- 

- 

10:30 

13:56 

15:OO 

00:04 

- 

- 
- 

Ac tiv itv 

RFP wide field operations halted due to high winds. 

Field preparation, continued. 

Began establishing gradient; adjust electrodes. 

Made final adjustments. 

RFP-wide field operations halted due to high winds. 

No activities attempted due to high winds. 

No activities. 

Field preparation, continued; thaw ice in tubing. 

Began establishing gradient; adjust electrodes. 

Made final adjustments. 

Began injecting bromide tracer solution. 

Test stopped. 

Began dismantling tracer test equipment. 

Finished dismantling and removing tracer test equipment. 
All wellpoints removed; boreholes grouted and abandoned. 
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ATTACHMENT B2-2 
SINGLE-WELL TEST EQUIPMENT 
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WELL INSTALLATION 

The following is a list of equipment and materials used for the single wellpoint installation: 

B-57 Mobile Drill (3.25-inch-I.D. hollow stem augers, 6.25-inch drill bit) 

1.7 inch I.D. stainless steel wellpoints (two 5-fOOt screen lengths, 0.010-inch slot size) 

1.5 inch I.D. carbon steel extension rod (5-foot length) 

Bell reducer 

Weighted tape measure 

Tape measure 

Solinst electronic water level meter (sufficiently accurate to measure water levels to the 
nearest 0.01 foot) 

Distilled water 

Plastic sheeting/scissors 

Clipboardblack permanent pens 

Copy of site map 

Field logbooldwatch 

Copy of EMD SOPS 

Appropriate field form (Form GT.2A; Hollow-S tem Auger Drilling Field Activities 
Report) 

Appropriate health and safety instrumentation, equipment, and personal protective 
equipment (PPE) 
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WELL DEVELOPMENT AND SAMPLING 

The following is a list of equipment and materials used for development and sampling of the 

single wellpoint: 

Development: 

Teflon bottom filling bailer (1.25-inch O.D., 3 feet long) 

Portable pH meter (Orion Model 230A) with appropriate pH buffer solutions 

Portable conductivity meter (YSI Model 33 (12/02/91) or Hach Model 44600 (12/03/91)) 
with appropriate conductivity standard 

Solinst electronic water level meter (sufficiently accurate to measure water levels to the 
nearest 0.01 foot) 

Distilled water 

Plastic sheeting/scissors 

Nylon rope 

Borosilicate beakers 

Graduated flask 

Nalgene wash bottle filled with distilled water 

Paper towels 

Card table 

55 gallon drum(s) for temporary containment of development water 

Clipboardblack permanent pens 

Field 1ogbooWwatch 

Copy of EMD SOPS 

Appropriate field forms (Forms GW.1A and GW.2A) 

Appropriate health and safety instrumentation, equipment, and PPE 
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e Sampling: 

WELL DEVELOPMENT AND SAMPLING 

In addition to the above, the following equipment was used for sampling: 

5 kW generator/extension cord/gasoline/funnel 

Geotech variable speed peristaltic pump with Masterflex No. 16 pumphead, 60 to 
350 rpm, appropriate lengths of tubing (silicone and nylon) and barb valves 

Appropriate sample bottles 

Sample cooler with sufficient blue ice to cool samples to 4°C 

Appropriate sample preservatives (nitric acid, sulfuric acid) 

Chain of custody forms 

Sample labels/custody seals 

Appropriate field form (Form GW.6B) 
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STEP-DRAWDOWN TEST 

The following is a list of equipment and materials used for the single-well step-drawdown test: 

5 kW generatodextension cords/gasoline/funnel 

Geotech variable speed peristaltic pump, Masterflex No. 16 pumphead, 60 to 350 rpm, 
with a minimum capacity of 0.03 gpm, with appropriate lengths of tubing (silicone and 
nylon), tubing weight, and barb valves 

Variable-area flow meter, 65 mm column, 0 to 267 d m i n  range (0 to 0.071 gpm) and 
a graduated flask 

Hermit SE 2000 data logger (8 channel) 

5 psi pressure transducer (accuracy of 0.14 inch) or 10 psi pressure transducer (accuracy 
of 

Portable IBM compatible personal computer 

Solinst electronic water level meter (sufficiently accurate to measure water levels to the 
nearest 0.01 foot) 

Distilled water 

Plastic sheeting/scissors 

Card table 

55-gallon drum(s) for temporary containment of pumping test water 

Calculator/clipboard/black permanent markers 

Field logbook/watch (readable to 1-second increments) 

Copy of EMD SOPS 

Appropriate field form (Aquifer Pumping Test Data Sheet) 

Appropriate health and safety instrumentation, equipment, and PPE 

0.28 inch) with cable, reel, and jumper cables 
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TRACER EVALUATION TEST 
DISTILLED WATER TRACER 

The following is a list of equipment and materials used for the single well tracer evaluation tests 

for distilled water. 

Distilled water 

30-gallon HDPE tank with spigot 

Geotech variable speed peristaltic pump, with Masterflex no. 16 pumphead, 60 to 350 rpm 

Appropriate lengths and sizes of tubing (vinyl, silicone, polyethylene) and appropriately 
sized reducing unions, union elbows, and pipe adaptors 

Variable-area flowmeter, 65 mm column, 0 to 267 ml/min range 

Stopper, solid rubber, microstopper size, fastened into polyethylene tubing 

Flow-through conductivity cell, K = l.O/cm, 30 ml volume (YSI model 3446) 

Conductivity meter, digital (YSI model 35) 

pH, temperature electrode with Orion model 250A meter (with automatic temperature 
compensation) 

pH, temperature electrode with Orion model 230A meter (with automatic temperature 
compensation) 

Conductivity, temperature electrode with Orion model 122 meter (with automatic 
temperature compensation) 

Beaker, 100 ml, polypropylene 

General: 

5kW generator/extension cord/gasoline/funnel 

Tape measure 

Hermit SE 2000 data logger (8 channel) 10 psi pressure transducer (accuracy of 
f 0.28 inch) with cable, reel, and jumper cables 
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TRACER EVALUATION TEST 
DISTILLED WATER TRACER 

Card table 

* Plastic sheetingJscissors 

Calculator, clipboard/black permanent pens 

Field logbook/watch 

Copy of EMD SOPS 

Appropriate health and safety instrumentation, equipment, and PPE 

Solinst electronic water level meter (sufficiently accurate to measure water levels to 
nearest 0.01 foot) 
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TRACER EVALUATION TEST 
BROMIDE TRACER 

The following is a list of equipment and materials used for the single-well tracer evaluation test 

for bromide: 

Bromide solution 

30-gallon HDPE tank with spigot 

Mixer, 500 to 1,000 rpm, 1/20 horsepower, 30-inch shaft, 2-inch diameter three-bladed 
propeller 

Geotech variable speed peristaltic pump, with Masterflex no. 16 pump head, 60 to 
350 rpm 

Approprate lengths and sizes of tubing (vinyl, silicone and polyethylene) and 
appropriately sized reducing unions, pipe adaptors, and branch tee. 

Variable-area flow meter, 65 mm column, 0 to 267 d m i n  range 

Stopper, solid rubber, microstopper size, fastened into polyethylene tubing 

Stopcock valve, PVC 

General: 

5kW generatodextension cord/gasoline/funnel 

Tape measure 

Hermit SE 2000 data logger (8 channel) 10 psi pressure transducer (accuracy of f 
0.28 inch) with cable, reel, and jumper cables 

Card table 

Plastic sheeting/scissors 

Calculator, clipboard/black permanent pens 

Field logbook/watch 

Copy of EMD SOPS 
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TRACER EVALUATION TEST 
BROMIDE TRACER 

Appropriate health and safety instrumentation, equipment, and PPE 

Solinst electronic water level meter (sufficiently accurate to measure water levels to 
nearest 0.01 foot) 
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e Appendix B2 
Multiple-Well Test Data 
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US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

PROJECT NUMBER 

DATE 

PROJECT NAME 

BOREHOLE IDENTIFICATION 
WEATHER CONDITIONS 

RIG TYPE 
DRILLING COMF'ANY/DRILLER 

GEOLOGIST/ENGINEER 
CREWMEMBERS 

WATER LEVEL/TME 

TOTAL DEPTH 
DECONTAMINATION 

ENVIRONMENTAL MATERIALS 

TYPES, VOLUMES, AND 
DRUMS USED 

HOLLOM'-STEM AUGER DRILLING 
FIELD AnMTIES REPORT 

DIAMETER OF BORING 

TYPE AND SIZE OF AUGERS 

AND BIT 

SAMPLING TYPES, DEPTHS 

HAMMER SIZE 

DEPTH TO BEDROCK 

END-OF-DAY STATUS 

CflRONOLOGIC+L RECORD 

OF ACTIVlTIES 

COMMENTS 

CUI 



c Appendix B2 
Multiple-Well Test Data 

0 WELL DEVELOPMENT AND SAMPLING 
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US. DEPARTMENT OF E. RGY ROCKY FLATS PLANT 

. 
WELL DEVELOPMENT AND SAMPLING FORM 

'P,y 1042 - 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT Farm C W A  

* 
WELL DEVELOPMENT AND SAMPLING FORM - f e y  2 04 2 

Y 



US DEPARTMENT OF ENERGY ROCKY M'IS PUNT FORM cw.u 

MUIPMENT: 
CALIBRATION 
QCREWEW: 

Measurement 1 

Measurement 3 i, 61' 

Well No. 
WDb 

Measurement 1 

_Measurement 2 

I Average WD 

Well No. 
WDb 

Measurement 1 

Measurement 2 

Measurement 3 
I i-- Avenge WD 

Is. 4c 
5. 4L6 

5.4c I 
I I 

Avenge MTD ProbeEndd W Chk'dby 

mc Comments 

= + -  

AvengeMTD ProbeEndd IDo Chk'dby 

mc Comments 

I + -  
AverageMTD ProbeEnd ?Do Chk'dby 

(40114mOot2) (GWI-FORMLA) (OP-18-91) (4lW) 



US DEPARTMENT OF ENERGY ROCKY RATS PLANT mRM CW.U 

EQUIPMENT: 
CALIBRATION 
QCREVIEW 

a 
c 

GROUNDWATER LEVELS 
M E A S v R E M E N l S / C O N S  

Well No. 

19ts9i 
Measurement 1 

Comments 

+ O&.' I Jn.q-0 

ProbeEnd TDo Chk'dby 

Well No. 

Measurement 1 

Measurement 2 

Measurement 3 

WDb 

Average WD 

mc 

Average MTD 

Comments 

+ -  

ProbeEnd TDo Chk'dby 
- 

Well No. 

wDb mc 
Measurement 1 

Measurement 2 
Measurement 3 

i 

FodDotec: 
A = TOWC .I top dwll crring 
b - WD - apCh to water from MP 
c - MID=measumltotal&plhfromMP' 
d - R& End - kopch beyond measurine pin1 on p " k  
e - TD = told dcplh of wcU 6um MP 

Comments 

u. 

I + -  

ProbeEnd "Do Chk'dby 

Nota: 
AU me.ru~mcn(r arc rclrtkc lo Marl: Poinl (MP) - aor(h ridc dTOWC 
QC mievr by rupervkor h a chcck of rerrorubkaea 
Merru~mcnis 1 and 2 must be within .01 fi of a 3rd WUURIIKDI . .  m d  be taken 

I (4011-22) (GWl-FORM.1A) ( S l b 9 1 )  (ellpm) 



Form GW.68 

0 PUMP [ZI PERISTALTIC 0 OTHER 

BAILER TEFLON \'/t"ooo 0 OTHER 

Page lo; 2 
Revlslon 1 

U S  DEi'ART%tEhTOF ENERGY ROCKY FLATS PLANT , 
GROUND WATER SAMPLE COLLECTION LOG 

@ 0/01Oaz@(A I 

PURQINQ REQUlREYENTS L CALCULATIONS - Oaturn: Top or Woll Caring (TOWC) PURGE DATE: )2-/5/91 

. No. lhon 3 x 1V = 3 x 0,5D = i.<:*-f 
Chockod by 

OED VOLUMES and RECHARGE 
I 

I 1 

Woler O o ~ o r l g ~ l o n  
(Color. Turbldlt 

PURGE VOLUMES & RECHAROE 
Actua l  vuroed rolumo (gallons) = r/.ff4/gfi&,)'urgod d 1 y 7  ( Y I N )  = 

10 minuto W a ~ o r  Level Recovery: Time Start. p l / . L  
90% O f  I C  = 0 . 9  x I C ( o r  AC)  = q . 9 ~  -7.93, - *+&a c&-J 
ER - E s t i m a ~ o d  30 minute rochargo = (TO-10 minuto WD)23-( 

nofa C&L/cwT ime Stop 
2 - ) x3- 

'44 '5 Oata l>/-%lq I 
7dfic '  (**Ji,) Time Time Oat. 

T ime Dale 

tpth to watct prior l o  tamplinp 

eplh to water prior l o  srmpling 
00th t o - w a f o r  p r i o r  to sampling 

Checked b y  - 
2IO119 tip-09 
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0 

/ .  

m 

I. I I I I 

Prreoautioxam: 

Approval f o r  Release Date /;7- 4-9f 

(1) Sample Scraonfng Lon5 (fzD2802 Appendix A) and calculated 
result# must accompany this fora. 

** Only Category I samples can be transferre8 to other IT 
Laboratories. 

O t h e r  analysis may include Tritium, etc. 

RC-OOl 11/90 Rev 0 ?om ,- 

TOT% P.82 
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MUbtul Procedure No.: 2.08, Rev. 0 
33 of 43 me: E n d v e  D8te: October 29,1991 

0 ~ U o a :  EROWM 

0 €C&C ROCKY FLATS PLANT 
EWER GROUNDWATER SOP 

Safety Rdated 
CmPV 1 

PERSON RECORDING DATA 5 

(To c) 

STATIC W A T k  LEVEL , h  PLJh4PING 

DISTANCE TO PUMPING WELL &ft 

WELL I.D. I,? in 

J 

1% 

. 

. 

2 . 8 8  

3 a  

0.91- 



AQULFER PUMPING TEST DATA SHEET Q y c  204 3 

I 

DATE 

WELL# 398 41 

SCREENEDINTERVAL ft to 
jzE P4L-E F 

HYDROSTRATIGRAPHIC UNIT 
ft 

STATIC WA"k  LEVEL ft PUMPING WELL1.D. 

DISTANCE TO PUMPING WELL ft 

TESTSTARTTIME : : a 

- 
4 I I  

4. %1 
._ . 

__  

ctc. 33 4.41, I*(Pb 

.. 



M.aU&l 
2.08, Rev. 0 Procedure No.: 

33 Of43 page: 
E f T d v e  OW: October 29,1991 

ERdrWM 

0 EG&G ROCKY FLATS P L M  
EWER GROUNDWATER SOP 

Safety Related 
c.tqorl1 Orpubatloo: 

AQUIFER PUMPING TEST DATA SHEET 
n 3 c  3 A 3 

D A ' E L U .  rJ s C - W S ~  A PERSON RECORDING DATA 

STATIC W A k  LEv]EL ft PUMPING wELL1.D. 

ft DISTANCE TO PUMPING WELL 

TESTSTARTTIME : : 

50 
/ 

c - 3 . 2 4  

'' I r 4 . 3  

i 

G .  3(cz 

0 . o c c  

0 . 0 5  3 



DATE &-"a PERSON RECORDING DATA 3 

DISTANCE TO PUMPING WELL a f t  

TEST START TIME ,-=*, 

ELAPSED TIME 

2 . 6  
o r  



DATE Lk' PERSON RECORDING DATA 9. CP& 

STATIC WATER =VEL ,- ft PUh4PINGWE;LLI.D. 

ft DISTANCE TO PUMPING WELL 
'. 

TEST START TIME ,-:-:-, 

- 
e.oS 
I . 0  b 

o..b ~ 



&C ROCKY FLATS PLANT M-rul 
GROUNDWATER SOP Procedure No.: 2.08, Rev. 0 

Page: 33 of 43 
Effective Date: October 29,1991 Safety Related Category 1 OrgmbUon: ERkWM 

AQUIFER PUMPING TEST DATA SHEET 
*e 

s*cbafl* S m e  maw.& Wu,pr#C WsT 

DATE .&.C\x~ PERSON RECORDING DATA 5* C d f b -  

STATIC WATER LEVEL ft PUMPINGWELL1.D. 

DISTANCE TO PUMPING WELL ft 

TEST START TIME e-9- 

ELAPSED TIME 
(units) CM) 

CtC. I&< 

-A- 
L I 

. .  
2.9% 

. 4.09 

_bat 



ROCKY FLATS PLANT Manual 
GROUNDWATER SOP Procedure No.: 2.08, Rev. 0 

me: 33 of 43 
E f f d v e  Date: October 29,1991 Safety Rdrted c.tCgor11 orlpaiutlon: ERkWM 

AQUIFER PUMPING TEST D S A  SHEET 9.34 4 
We- ~ U - ~ , r l t  W8r . .  

DATE L\G' PERSON RECORDING DATA 3 r d  b k  

WELL# 31@tt 
HYDROSTRATIGRAPHIC UNlT bbn- C.L.* 6 -\\ Al\d.Lh 

SCREENEDINTERVAL 4?@* ftto.s.,.ft 

1 

STATIC WATER LEVEL ft PUMPINGWELLLD. 

DISTANCE TO PUMPING WELL ft 

TEST START TIME .-:-:-. 



E:,' E 
.. . . 

EM/l%R GROUNDWATER 

Safety Related 
Category 1 

SOP 

Orgdmtlon: 

October 29,1991 
ERdrWM 
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ATTACHMENT B2-4 
SINGLE-WELL 

TIME-DRAWDOWN MEASUREMENTS 
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Table 1. Step Tes 

1 Of4 

December 3,1991 

Elapsed Step Drawdown Discharge 
Step Time '1131p e(min) Time(min) (fi) (SPmL 

Ip- 

1 1 0.0000 
0.0083 
0.01 66 
0.0250 
0.0333 
0.0416 
0.0500 
0.0583 
0.0666 
0.0750 
0.0833 
0.1 000 
0.1 166 
0.1 333 
0.1 500 
0.1 666 
0.1 833 
0.2000 
0.21 66 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0.31 66 
0.3333 
0.41 66 
0.5000 
0.5833 
0.6666 
0.7500 
0.8333 
0.91 66 
1 .oooo 
1.0833 

0.Oooo 
0.0083 
0.01 66 
0.0250 
0.0333 
0.041 6 
0.0500 
0.0583 
0.0666 
0.0750 
0.0833 
0.1 000 
0.1 166 
0.1333 
0.1 500 
0.1 666 
0.1 833 
0.2000 
0.21 66 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0.31 66 
0.3333 
0.41 66 
0.5000 
0.5833 
0.6666 
0.7500 
0.8333 
0.91 66 
1 .oooo 
1.0833 

-0.009 
0.01 9 
0.006 
0.000 
0.01 9 
0.01 9 
0.003 
-0.006 
0.01 9 
0.025 
0.003 
0.01 9 
0.009 
0.000 
0.01 2 
0.01 5 
0.01 5 
0.000 
0.022 
0.031 
0.006 
0.022 
0.022 
0.000 
0.01 9 
0.003 
0.01 9 
0.000 
0.01 9 
0.025 
0.009 
0.028 
0.028 
0.01 9 
0.028 

File: 1203STP1 .WQ1 
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a Table 1. Step-Drawdown Test December 3,1991 

Elapsed Step Drawdown Discharge 
Step Time Time(min) Time(min) (ft) (gpm) 

1.1666 
1.2500 
1.3333 
1.41 66 
1.5000 
1.5833 
1.6666 
1.7500 
1.8333 
1.91 66 

2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 

1.1 666 
1.2500 
1.3333 
1.41 66 
1.5000 
1.5833 
1.6666 
1.7500 
1.8333 
1.91 66 

2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 
11 .o 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 

0.028 
0.01 9 
0.025 
0.041 
0.009 
0.01 5 
0.044 
0.028 
0.047 
0.047 
0.053 0.063 
0.047 
0.057 
0.057 
0.066 
0.069 
0.063 0.065 
0.082 
0.076 
0.079 
0.117 
0.164 
0.224 
0.291 
0.348 
0.380 
0.421 
0.484 
0.570 
0.61 1 0.069 
0.687 
0.750 
0.81 3 
0.870 
0.921 

File: 1203STP1 .WQ1 
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0 Table 1. Step-Drawdown Test De mber 3,1991 

Elapsed Step Drawdown Discharge - Step Time Time(min) Time(min) - ~L (gpm) - 
19.0 
20.0 
21 .o 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31 .O 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0 
41 .O 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
50.0 
51 .O 
52.0 
53.0 

19.0 
20.0 
21 .o 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31 .O 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0 
41 .O 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
50.0 
51 .O 
52.0 
53.0 

0.965 
0.997 
1 .OS7 
1.079 
1.130 
1.1 55 
1.197 
1.21 2 
1.231 
1.273 
1.304 
1.333 
1.380 
1.41 5 
1.431 
1.491 
1.535 
1.583 
1.61 8 
1.672 
1.725 
1.773 
1.81 1 
1.865 
1.91 5 
1.966 
2.01 4 
2.067 
2.1 12 
2.1 62 
2.207 
2.251 
2.292 
2.340 
2.368 

0.066 

0.067 

0.069 

0.07 

0.067 

0.066 
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Table 1. Step-Drawdown Test December 3, 1991 

Elapsed Step Drawdown Discharge - Step Time Time(min) Time(min) A (gpm) 

2 

54.0 
55.0 
56.0 
57.0 
58.0 
59.0 

1559 60.0 
61 .O 
62.0 
63.0 
64.0 
65.0 
66.0 
67.0 
68.0 
69.0 
70.0 
71 .O 
72.0 
73.0 
74.0 

54.0 
55.0 
56.0 
57.0 
58.0 
59.0 
60.0 
61 .O 
62.0 
63.0 
64.0 
65.0 
66.0 
67.0 
68.0 
69.0 
70.0 
71 .O 
72.0 
73.0 
74.0 

2.403 
2.435 
2.476 
2.504 
2.530 
2.561 
2.580 
2.742 
2.897 
3.052 
3.1 03 
3.1 03 
3.1 06 
3.1 06 
3.103 
3.1 00 
3.100 
3.1 00 
3.1 06 
3.103 
3.1 06 

0.062 

0.08 

pumping 
air 

File: 1203STP1 .WQ1 



Table 2. Step-Drawdown Test December 6,1991 

Elapsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (gpm) 

1 1omAM 0 
0.0083 
0.01 66 
0.025 

0.0333 
0.041 6 

0.05 
0.0583 
0.0666 
0.075 

0.0833 
0.1 

0.1 166 
0.1 333 

0.1 5 
0.1 666 
0.1 833 

0.2 
0.21 66 
0.2333 

0.25 
0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 

0.75 
0.8333 
0.91 66 

1 
1 .om3 
1.1666 

1 -25 
1.3333 

0 
0.0083 
0.01 66 
0.025 

0.0333 
0.041 6 

0.05 
0.0583 
0.0666 
0.075 

0.0833 
0.1 

0.1 166 
0.1333 

0.1 5 
0.1 666 
0.1 833 

0.2 
0.21 66 
0.2333 

0.25 
0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 

0.75 
0.8333 
0.91 66 

1 
1.0833 
1 .1666 

1.25 
1.3333 

-0.007 0 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.003 
-0.01 1 
-0.01 1 
-0.009 
-0.007 
-0.006 
-0.009 
-0.01 1 
-0.01 1 
-0.01 1 
-0.007 
-0.009 
-0.01 1 
-0.01 4 
-0.007 
-0.01 2 
-0.009 
-0.009 
-0.009 
-0.004 
-0.004 
0.001 
-0.001 
-0.004 
-0.01 5 
-0.02 

-0.01 5 
-0.003 
0.003 
0.006 
0.001 
0.006 

Page 1 of 23 



Table 2. StepDrawdown Test December 6,1991 Page 2 of 23 

Elapsed Step 
Time lime Drawdown Discharge 

Step Time (min) (min) (ft) tgpm) 

1.41 66 
1.5 

1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 

3 
3.5 

4 
4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

8.5 
9 

9.5 
10:30 AM 10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

10:40 AM 20 
21 
22 
23 
24 

1.41 66 
1.5 

1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 

3 
3.5 

4 
4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

8.5 
9 

9.5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

-0.006 
-0.01 2 
0.007 
0.01 2 

0 
0.009 
0.004 
0.01 2 
-0.001 
0.01 2 
0.01 9 
0.01 5 
0.009 
0.01 2 
0.007 
0.007 
0.01 2 
0.023 
0.031 
0.023 
0.038 
0.047 
0.025 
0.039 
0.01 7 
0.034 
0.033 
0.034 
0.026 
0.044 
0.026 
0.041 
0.042 
0.053 
0.047 
0.052 
0.058 
0.058 

0.033 

0.032 

0.032 

0.032 

0.033 

0.034 



Table 2. Step-Drawdown Test December 6,1991 

Elapsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (f9 (gpm) 

10.0 AM 

11mAhtl 

11:lOAM 

1120AM 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

0.055 
0.06 

0.057 
0.039 
0.049 
0.045 
0.03 

0.053 
0.061 
0.06 
0.038 
0.061 
0.053 
0.05 

0.055 
0.057 
0.036 
0.066 
0.052 
0.058 
0.052 
0.058 
0.06 

0.063 
0.061 
0.06 

0.071 
0.068 
0.047 
0.047 
0.071 
0.068 
0.058 
0.049 
0.045 
0.05 
0.058 
0.064 

0.033 

0.034 

0.034 

0.034 

0.035 

0.036 

0.035 

0.035 
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Table 2. Step-Drawdown Test December 6,1991 

Ebpsed Step 
Time i7me Drawdown Discharge 

Step Ttme (min) (min) (ft) (gpm) 

63 
64 
65 
66 
67 
68 
69 

11:3oAM 70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

2 11:40AM 80 
80.0083 
80.01 66 
80.025 

80.0333 
80.0416 

80.05 
80.0583 
80.0666 
80.075 

80.0833 
80.1 

80.1 166 
80.1 333 

80.15 
80.1666 
80.1 833 

80.2 
80.21 66 
80.2333 

63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
0 

0.0083 
0.01 66 
0.025 

0.0333 
0.041 6 

0.05 
0.0583 
0.0666 
0.075 

0.0833 
0.1 

0.1 166 
0.1 333 

0.1 5 
0.1666 
0.1 833 

0.2 
0.21 66 
0.2333 

0.068 
0.05 
0.06 
0.045 
0.036 
0.038 
0.058 
0.058 
0.055 
0.049 
0.074 
0.058 
0.057 
0.064 
0.045 
0.064 
0.072 
0.063 
0.045 
0.041 
0.063 
0.066 
0.053 
0.057 
0.055 
0.042 
0.044 
0.064 
0.064 
0.058 
0.041 
0.069 
0.053 
0.053 
0.047 
0.066 
0.06 

0.044 

0.035 

0.036 

0.036 

0.044 
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Table 2. StepDravvtbwn Test December 6,1991 

Eiapsed step 
Time Time Drawdown Discharge 

(mln) Step Time (min) (a) (gpm) 

80.25 
80.2666 
80.2833 

80.3 
80.31 66 
80.3333 
80.41 66 

80.5 
80.5833 
80.6666 

80.75 
80.8333 
80.91 66 

81 
81.0833 
81 .1666 

81.25 
81.3333 
81.41 66 

81.5 
81.5833 
81.6666 

81.75 
81.8333 
81.91 66 

82 
82.5 
83 

83.5 
84 

84.5 
85 

85.5 
86 

86.5 
87 

87.5 
88 

0.25 
0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 

0.75 
0.8333 
0.91 66 

1 
1.0833 
1.1666 

1.25 
1.3333 
1.41 66 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

0.068 
0.06 

0.044 
0.071 
0 . W  
0.045 
0.061 
0.049 
0.05 

0.063 
0.055 
0.069 
0.042 
0.06 

0.066 
0.045 
0.057 
0.069 
0.06 
0.057 
0.066 
0.055 
0.06 

0.068 
0.063 
0.066 0.045 
0.076 
0.071 
0.079 
0.071 
0.063 
0.064 0.044 
0.068 
0.071 
0.072 
0.072 
0.069 
0.079 
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Table 2. StepDrawdown Test December 6,1991 

Elapsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (ft) (gpm) 

88.5 
89 

89.5 
11-5OAM 90 

91 
92 
93 
94 
95 
96 
97 
98 
99 

12m PM 100 
101 
1 02 
1 03 
104 
1 05 
106 

12:lO PM 

07 
08 
09 
10 
11 
12 
13 

114 
115 
116 
117 
118 
119 

1220 PM 1 20 
121 
122 
123 
124 

8.5 
9 

9.5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

0.069 
0.074 
0.069 
0.053 
0.082 
0.088 
0.064 
0,077 
0.066 
0.083 
0.074 
0.083 
0.063 
0.082 
0.058 
0.069 
0.08 

0.076 
0.08 

0.071 
0.06 

0.087 
0.082 
0.083 
0.058 
0.085 
0.088 
0.072 
0.077 
0.079 
0.082 
0.082 
0.08 

0.091 
0.08 

0.096 
0.076 
0.072 

0.044 

0.044 

0.045 

0.046 

0.045 

0.046 

0.046 
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Table 2. Step-Drawdown Test December 6,1991 

Ehpsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (ft) (gpm) 

1230 PM 

12:40 PM 

$250 PM 

3 M M P M  

1 25 
1 26 
1 27 
1 28 
129 
1 30 
131 
1 32 
133 
134 
135 
136 
137 
138 
1 39 
140 
141 
1 42 
143 
144 
145 
146 
1 47 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
1 60 
1 60 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
0 

160.0083 0.0083 

0.082 
0.083 
0.079 
0.077 
0.076 
0.079 
0.08 

0.069 
0.082 
0.066 
0.08 

0.069 
0.083 
0.074 
0.076 
0.077 
0.05 

0.079 
0.08 

0.087 
0.063 
0.077 
0.066 
0.076 
0.079 
0.082 
0.077 
0.079 
0.072 
0.082 
0.063 
0.068 
0.071 
0.068 
0.074 
0.087 
0.076 
0.087 

0.047 

0.047 

0.047 

0.046 

0.046 

0.046 

0.046 

0.057 
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Table 2. Step-Drawdown Test December 6,1991 Page 8 of 23 

Elapsed step 
Time Time Drawdown Discharge 

Step mme (min) (min) (ft) (gpm) 

160.01 66 
160.025 
160.0333 
160.0416 
160.05 

160.0583 
160.0666 
160.075 
160.0833 

160.1 
160.1166 
160.1333 
160.15 

160.1666 
160.1833 

160.2 
160.21 66 
160.2333 
160.25 

160.2666 
160.2833 

160.3 
160.31 66 
160.3333 
160.41 66 

160.5 
160.5833 
160.6666 
160.75 

160.8333 
160.91 66 

161 
161 -0833 
1 61 . 1 666 
161.25 

161 -3333 
161 -41 66 

161.5 

0.01 66 
0.025 
0.0333 
0.041 6 
0.05 

0.0583 
0.0666 
0.075 
0.0833 

0.1 
0.1166 
0.1 333 
0.1 5 

0.1 666 
0.1833 

0.2 
0.21 66 
0.2333 
0.25 

0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 
0.75 

0.8333 
0.91 66 

1 
1.0833 
1 .1666 
1.25 

1.3333 
1 -41 66 

1.5 

0.098 
0.074 
0.08 
0.098 
0.069 
0.083 
0.096 
0.069 
0.085 
0.069 
0.096 
0.072 
0.095 
0.077 
0.088 
0.082 
0.071 
0.093 
0.077 
0.072 
0.091 
0.072 
0.091 
0.077 
0.093 
0.083 
0.09 
0.076 
0.063 
0.087 
0.063 
0.079 
0.088 
0.091 
0.076 
0.077 
0.069 
0.095 



Table 2. Step-Drawdown Test December 6,1991 

Ebpsed step 
Time Time DrawdownDscharge 
fi Step Time min ft g m  

01:lO PM 

01ZUPM 

161.5833 
161.6666 

161.75 
161.8333 
161.91 66 

1 62 
162.5 

163 
163.5 

164 
164.5 

165 
165.5 

166 
166.5 

167 
167.5 

168 
168.5 

169 
169.5 
1 70 
171 
1 72 
1 73 
1 74 
1 75 
1 76 
177 
1 78 
1 79 
180 
181 
182 
183 
184 
185 
186 

1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

9 
9.5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0.083 
0.077 
0.09 

0.072 
0.074 
0.102 
0.095 
0.083 
0.095 
0.063 
0.087 
0.064 
0.087 
0.077 
0.095 
0.107 
0.102 
0.09 

0.095 
0.106 
0.09 

0.1 12 
0.082 
0.077 
0.079 
0.104 
0.106 
0.096 
0.091 
0.102 
0.09 

0.071 
0.088 
0.102 
0.101 
0.102 
0.077 
0.087 

0.057 

0.057 

0.057 

0.057 

0.057 
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Table 2. StepDravdown Test December 6,1991 Page 10 of 23 

Elapsed step 
Time Time Drawdown Discharge 

Step Time (min) (min) (a) (gpm) 

1 87 
188 
1 89 
190 

4 0130PM 190 
190.0083 
190.01 66 
190.025 

190.0333 
190.0416 

190.05 
190.0583 
190.0666 
190.075 

190.0833 
190.1 

190.1166 
190.1333 

190.15 
190.1666 
190.1833 

190.2 
190.21 66 
190.2333 
. 190.25 
190.2666 
190.2833 

190.3 
190.31 66 
190.3333 
190.41 66 

190.5 
190.5833 
190.6666 

190.75 
190.8333 
190.91 66 

191 

27 
28 
29 
30 
0 

0.0083 
0.01 66 
0.025 

0.0333 
0.041 6 

0.05 
0.0583 
0.0666 
0.075 

0.0833 
0.1 

0.1 166 
0.1 333 

0.15 
0.1 666 
0.1 833 

0.2 
0.21 66 
0.2333 
0.25 

0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 

0.75 
0.8333 
0.91 66 

1 

0.085 
0.102 
0.099 
0.1 17 
0.122 0.064 
0.126 
0.118 
0.106 
0.095 
0.088 
0.099 
0.1 2 

0.128 
0.122 
0.106 
0.106 
0.122 
0.088 
0.1 28 
0.1 15 
0.091 
0.122 
0.125 
0.102 
0.091 
0.1 18 
0.129 
0.104 
0.095 
0.123 
0.131 
0.1 15 
0.123 
0.106 
0.125 
0.1 29 
0.126 
0.093 



Tabie 2. StepDrawdown Test December 6,1991 Page 11 of 23 

Ehpsed Step 
Time Time Draw&wn Discharge 

Step Time (min) (min) (fi) (gpm) 

191.0833 
191.1666 

191.25 
191.3333 
191.41 66 

191.5 
191.5833 
191.6666 

191.75 
191.8333 
191.91 66 

1 92 
192.5 
1 93 

193.5 
194 

194.5 
1 95 

195.5 
196 

196.5 
1 97 

197.5 
198 

198.5 
1 99 

199.5 
01 :40 PM 200 

201 
202 
203 
204 
205 
206 
207 
208 
209 

01 50 PM 21 0 

1.0833 
1.1666 

1.25 
1.3333 
1.41 66 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

8.5 
9 

9.5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0.104 
0.125 
0.12 

0.1 15 
0.104 
0.125 
0.1 12 
0.125 
0.095 
0.1 1 

0.131 
0.098 
0.1 12 
0.144 
0.107 
0.145 
0.1 2 

0.155 0.065 
0.141 
0.164 
0.156 
0.145 
0.166 
0.1 77 
0.1 71 
0.182 
0.18 

0.171 0.065 
0.166 
0.161 
0.1 6 

0.1 58 
0.182 0.065 
0.16 

0.155 
0.179 
0.145 
0.175 0.064 



Table 2. StepDrawdown Test December 6,1991 

Elapsed Step 
Time lime Dravdown Discharge 

Step Time (min) (min) (fi) (gpm) 

02W PM 

21 1 
21 2 
21 3 
21 4 
21 5 
21 6 
21 7 
21 8 
21 9 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
230 

~~0.0083 
230.01 66 
230.025 

230.0333 
230.041 6 

230.05 
230.0583 
230.0666 
230.075 

230.0833 
230.1 

230.1 1 66 
230.1 333 

230.1 5 
230.1666 
230.1833 

m 
5 02:lO PM 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
0 

0. 083 
0.01 66 

0.025 
0.0333 
0.041 6 

0.05 
0.0583 
0.0666 

0.075 
0.0833 

0.1 
0.1 166 
0.1 333 

0.1 5 
0.1 666 
0.1 833 

0.172 
0.16 
0.18 

0.145 
0.171 
0.148 
0.179 
0.142 
0.183 
0.148 
0.16 

0.1 71 
0.1 64 
0.174 
0.166 
0.161 
0.1 83 
0.158 
0.16 

0.148 
0.139 
0.136 
0.174 
0.201 
0.191 
0.1 48 
0.1 37 
0.169 
0.202 
0.202 
0.167 
0.166 
0.21 2 
0.1 58 
0.177 
0.21 2 
0.158 
0.193 

0.065 

0.065 

0.066 

0.083 
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Table 2. StepDrawdown Test December 6,1991 

Elapsed Step 
Time lime DraWwn Discharge 

Step l ime (min) (min) (a) (gpm) 

230.21 66 
230.2333 

230.25 
230.2666 
230.2833 

230.3 
230.31 66 
230.3333 
230.41 66 

230.5 
230.5833 
230.6666 

230.75 
230.8333 
230.91 66 

231 
231.0833 
231.1666 

231 -25 
231 3 3 3  
231.41 66 

231.5 
231.5833 
231 6666 

231.75 
231.8333 
231.91 66 

232 
232.5 

233 
233.5 

234 
234.5 

235 
235.5 

236 
236.5 

237 

0.21 66 
0.2333 

0.25 
0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 

0.75 
0.8333 
0.91 66 

1 
1.0833 
1.1666 

1.25 
1.3333 
1.41 66 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 

0.202 
0.155 
0.21 8 
0.177 
0.198 
0.21 5 
0.166 
0.229 
0.234 
0.209 
0.185 
0.234 
0.258 
0.258 
0.251 
0.258 
0.272 
0.277 
0.283 
0.289 
0.267 
0.27 

0.272 
0.27 

0.278 
0.301 
0.302 
0.263 
0.323 
0.275 
0.34 
0.343 
0.348 

0.396 
0.405 
0.362 
0.38 

0.37 0.082 
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Table 2. StepDrawdown Test December 6,1991 

EIapsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (a) (gpm) 

0220 PM 

0230 PM 

02:40 PM 

0250 PM 

237.5 
238 

238.5 
239 

239.5 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 

7.5 
8 

8.5 
9 

9.5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

0.4 
0.386 
0.394 
0.369 
0.375 
0.41 

0.407 
0.389 
0.404 
0.396 
0.41 5 
0.421 
0.438 
0.435 
0.41 8 
0.408 
0.364 
0.389 
0.421 
0.41 
0.348 
0.396 
0.369 
0.41 

0.373 
0.381 
0.391 
0.405 
0.394 
0.41 2 
0.378 
0.394 
0.381 
0.383 
0.431 
0.381 
0.38 

0.388 

0.082 

0.082 

0.083 

0.083 

0.083 

0.083 

0.083 
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Table 2. StepDrawdown Test December 6,1991 Page 15 of 23 

Elapsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (fi) (gpm) 

273 
274 
275 
276 
277 
278 

6 03mPM 280 
280.0083 
280.01 66 
280.025 
280.0333 
280.0416 
280.05 

280.0583 
280.0666 
280.075 
280.0833 

280.1 
280.1 166 
280.1333 
280.15 

280.1666 
280.1833 

280.2 
280.21 66 
280.2333 
280.25 

280.2666 
280.2833 

280.3 
280.31 66 
280.3333 
280.41 66 

280.5 
280.5833 
280.6666 
280.75 

280.8333 

43 
44 
45 
46 
47 
48 
0 

0.0083 
0.01 66 
0.025 
0.0333 
0.041 6 
0.05 

0.0583 
0.0666 
0.075 
0.0833 

0.1 
0.1 166 
0.1333 
0.1 5 

0.1666 
0.1 833 

0.2 
0.21 66 
0.2333 
0.25 

0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 
0.75 

0.8333 

0.361 
0.378 
0.364 0.083 
0.392 
0.383 
0.388 
0.351 0.097 
0.351 
0.354 
0.356 
0.364 
0.362 
0.362 
0.359 
0.361 
0.367 
0.377 
0.385 
0.397 
0.405 
0.41 5 
0.423 
0.432 
0.44 
0.446 
0.448 
0.448 
0.45 
0.451 
0.453 
0.454 
0.456 
0.437 
0.435 
0.442 
0.451 
0.459 
0.432 



Table 2. StepDrawdown Test December 6,1991 Page 16 of 23 

Ebpsed step 
Time Time Drawdown Discharge 

Step Time (min) (min) (fi) (gpm) 

280.91 66 
281 

281 -0833 
281.1666 

281.25 
281 -3333 
281.41 66 

281.5 
281.5833 
281.6666 

281.75 
281.8333 
281.91 66 

282 
282.5 

283 
283.5 

284 
284.5 

285 
285.5 

286 
286.5 

287 
287.5 

288 
288.5 

289 
289.5 

03:lO PM 290 
291 
292 
293 
294 
295 
296 
297 
298 

0.91 66 
1 

1.0833 
1.1666 

1.25 
1.3333 
1.41 66 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

9 
9.5 
10 
11 
12 
13 
14 
15 
16 
17 
18 

0.41 
0.45 

0.491 
0.44 
0.47 
0.5 

0.461 
0.454 
0.451 
0.51 8 
0.51 8 
0.492 
0.459 
0.469 
0.532 
0.51 8 
0.527 
0.564 
0.529 
0.568 0.096 
0.541 
0.61 

0.551 
0.599 
0.61 4 
0.581 
0.587 
0.565 
0.61 9 

0.576 
0.578 
0.592 
0.591 
0.624 0.097 
0.567 
0.575 
0.633 

0.61 0.094 



Table 2. StepDrawdown Test December 6,1991 Page 17 of 23 

Ebpsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (f\) (gpm) 

299 
0320 PM 300 

301 
302 
303 
304 
305 
306 
307 
308 
309 
31 0 

7 03:30PM 31 0 
31 0.0083 
31 0.01 66 
31 0.025 
31 0.0333 
31 0.041 6 
31 0.05 

31 0.0583 
31 0.0666 
31 0.075 
31 0.0833 

310.1 
31 0.1 166 
310.1333 
31 0.1 5 

310.1666 
31 0.1 833 

31 0.2 
31 0.21 66 
31 0.2333 
31 0.25 

31 0.2666 
31 0.2833 

31 0.3 
31 0.31 66 
31 0.3333 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
0 

0.0083 
0.01 66 
0.025 
0.0333 
0.041 6 
0.05 

0.0583 
0.0666 
0.075 
0.0833 

0.1 
0.1 166 
0.1 333 
0.1 5 

0.1 666 
0.1 833 

0.2 
0.21 66 
0.2333 
0.25 

0.2666 
0.2833 

0.3 
0.31 66 
0.3333 

0.64 
0.579 0.094 
0.643 
0.63 
0.61 
0.61 3 
0.633 0.097 
0.61 6 
0.61 9 
0.632 
0.624 
0.635 
0.61 1 0.1 
0.622 
0.564 
0.635 
0.594 
0.579 
0.643 
0.575 
0.602 
0.638 
0.568 
0.635 
0.61 8 
0.57 
0.638 
0.622 
0.573 
0.638 
0.643 
0.584 
0.584 
0.644 
0.649 
0.606 
0.579 
0.605 



Table 2. StepDravdown Test December 6,1991 Page 18 of 23 

E m  step 
Time Time Drawdown Discharge 

Step Time (min) (min) (ft) (gpm) 

31 0.41 66 
31 0.5 

31 0.5833 
31 0.6666 

31 0.75 
31 0.8333 
31 0.91 66 

31 1 
31 1.0833 
31 1.1666 

31 1.25 
31 1.3333 
31 1.41 66 

31 1.5 
31 1.5833 
31 1 .E66 

31 1.75 
31 1.8333 
31 1.91 66 

31 2 
31 2.5 

31 3 
31 3.5 

31 4 
31 4.5 

31 5 
31 5.5 

31 6 
31 6.5 

31 7 
31 7.5 

31 8 
31 8.5 

31 9 
319.5 

03:40 PM 320 
321 
322 

0.41 66 
0.5 

0.5833 
0.6666 

0.75 
0.8333 
0.91 66 

1 
1.0833 
1.1666 

1.25 
1.3333 
1.41 66 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

9 
9.5 
10 
11 
12 

0.635 
0.603 
0.632 
0.654 
0.683 
0.61 1 
0.67 

0.622 
0.61 3 
0.632 
0.659 
0.624 
0.641 
0.679 
0.681 
0.63 

0.71 3 
0.652 
0.703 
0.709 
0.668 
0.741 
0.74 

0.684 
0.686 
0.689 0.1 
0.71 3 
0.781 
0.71 4 
0.71 4 
.0.79 
0.784 

0.8 
0.736 
0.738 
0.778 0.1 
0.749 
0.733 



Table 2. StepDrawdown Test December 6,1991 Page 19 of 23 

Elapsed step 
Time Time Drawdown Discharge 

Step Time (min) (min) (fi) (gpm) 

323 
324 
325 
326 
327 
328 
329 

0350 PM 330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 

8 04NPM 340 
340.0083 
340.01 66 
340.025 
340.0333 
340.0416 
340.05 

340.0583 
340.0666 
340.075 
340.0833 

340.1 
340.1166 
340.1333 
340.15 

340.1666 
340.1833 

340.2 
340.2166 
340.2333 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
0 

0.0083 
0.01 66 
0.025 
0.0333 
0.041 6 
0.05 

0.0583 
0.0666 
0.075 
0.0833 

0.1 
0.1 166 
0.1 333 
0.15 

0.1 666 
0.1 833 

0.2 
0.21 66 
0.2333 

0.765 
0.787 
0.808 0.1 
0.81 1 
0.76 
0.735 
0.749 
0.782 0.1 1 
0.746 
0.793 
0.806 
0.792 
0.801 0.1 
0.803 
0.754 
0.757 
0.787 
0.768 
0.751 0.1 1 
0.803 
0.741 
0.751 
0.806 
0.747 
0.733 
0.793 
0.782 
0.732 
0.757 
0.767 
0.776 
0.749 
0.776 
0.774 
0.749 
0.79 
0.738 
0.805 



Table 2. StepDrawdown Test December 6,1991 

Elapsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (fi) (gpm) 

340.25 
340.2666 
340.2833 

340.3 
340.31 66 
340.3333 
340.41 66 

340.5 
340.5833 
340.6666 

340.75 
340.8333 
340.91 66 

341 
341.0833 
341.1666 

341.25 
341 3333 
341.41 66 

341.5 
341.5833 
341 6666 

341.75 
341.8333 
341.91 66 

342 
342.5 
343 

343.5 
344 

344.5 
345 

345.5 
346 

346.5 
347 

347.5 
348 

0.25 
0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 

0.75 
0.8333 
0.91 66 

1 
1.0833 
1.1666 

1.25 
1.3333 
1.41 66 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

0.735 
0.805 
0.733 
0.808 
0.73 

0.809 
0.803 
0.805 
0.741 
0.806 
0.733 
0.801 
0.784 
0.733 
0.787 
0.805 
0.803 
0.806 
0.803 
0.741 
0.763 
0.752 
0.797 
0.746 
0.79 

0.81 2 
0.736 
0.759 
0.751 
0.79 

0.824 
0.757 0.1 1 
0.81 9 
0.781 
0.76 

0.792 
0.76 

0.789 
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Table 2. StegDraWwn Test December 6,1991 Page 21 of 23 

Ebpsed Step 
Time Time Drawdown Discharge 

Step Time (min) (min) (fi) (gpm) 

348.5 
349 

349.5 
04:lO PM 350 

351 
352 
353 
354 

355.0083 
355.01 66 
355.025 
355.0333 
355.0416 
355.05 

355.0583 
355.0666 
355.075 
355.0833 

355.1 
355.1166 
355.1333 
355.1 5 

355.1666 
355.1833 

355.2 
355.21 66 
355.2333 
355.25 

355.2666 
355.2833 

355.3 
355.31 66 
355.3333 
355.41 66 

355.5 
355.5833 
355.6666 

Recovery 04:15 PM 355 

8.5 
9 

9.5 
10 
11 
12 
13 
14 
0 

0.0083 
0.01 66 
0.025 
0.0333 
0.041 6 
0.05 

0.0583 
0.0666 
0.075 
0.0833 

0.1 
0.1 166 
0.1 333 
0.1 5 

0.1 666 
0.1 833 

0.2 
0.21 66 
0.2333 
0.25 

0.2666 
0.2833 

0.3 
0.31 66 
0.3333 
0.41 66 

0.5 
0.5833 
0.6666 

0.828 
0.809 
0.77 
0.76 0.1 
0.8 

0.771 
0.827 
0.797 
0.786 0 
0.782 
0.779 
0.773 
0.768 
0.762 
0.757 
0.751 
0.747 
0.743 
0.736 
0.725 
0.71 6 
0.705 
0.695 
0.684 
0.673 
0.663 
0.654 
0.643 
0.633 
0.624 
0.61 3 
0.603 
0.594 
0.584 
0.54 
0.492 
0.45 
0.407 



Table 2. Step-Drawdown Test December 6,1991 

Ehpsed step 
Time lime Drawdown Discharge 

Step lime (min) (min) (a) (gpm) 

355.75 
355.8333 
355.91 66 

356 
356.0833 
356.1666 

356.25 
356.3333 
356.41 66 

356.5 
356.5833 
356.6666 

356.75 
356.8333 
356.91 66 

357 
357.5 
358 

358.5 
359 

359.5 
04-20 PM 360 

360.5 
361 

361.5 
362 

362.5 
363 

363.5 
364 

364.5 
365 
366 
367 
368 
369 

0430 PM 370 
371 

0.75 
0.8333 
0.91 66 

1 
1.0833 
1.1666 

1.25 
1.3333 
1.41 66 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.91 66 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

9 
9.5 
10 
11 
12 
13 
14 
15 
16 

0.367 
0.328 
0.291 
0.256 
0.221 
0.232 
0.199 
0.167 
0.139 
0.1 04 
0.095 
0.088 
0.087 
0.083 
0.082 
0.08 

0.071 
0.061 
0.055 
0.05 

0.045 
0.041 
0.034 
0.03 

0.025 
0.02 

0.01 7 
0.01 4 
0.01 1 
0.01 1 
0.007 
0.004 
-0.001 
-0.004 
-0.009 
-0.006 
-0.009 
-0.01 2 
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Table 2. StepDrawdown Test December 6,1991 

Elapsed Step 
Time Tme Dravdown Discharge 

Step Time (min) (min) (fi) (gpm) 

372 17 -0.012 
373 18 -0.015 
374 19 -0.015 

04:40 PM 375 20 -0.012 
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Appendix B2 
Multiple-Well Test Data 

ATTACHMENT B2-5 
MULTIPLE-WELL TEST EQUIPMENT 

881RPT0061 9/30/92 954 am pf 



WELL INSTALLATION 

The following is a list of equipment and materials used for installation of the multiple-wellpoint 

array in addition the list provided in Attachment B2-2: 

1.7-inch-I.D. stainless steel wellpoints (5-fOOt screen length, 0.010-inch slot size) for a 
total of 20 

1.5-inch-I.D. carbon steel extension rods (5-foot length) for a total of 20 

Bell reducers 

Appropriate amount of 4-inch-O.D. solid stem augers (replaced 3.25-inch-I.D. hollow 
stem augers used in single wellpoint installation) 

0 

e 

a 881/RPT0061 10/1/92 8:33 am pf 



0 

881/RPT0061 9/30/92 954 am pf 

WELL DEVELOPMENT 

The following is a list of equipment and materials used for development of the multiple-well 

array in addition to the list provided in Attachment B2-2: 

Teflon bottom filling bailer (1.25-inch-O.D., 3-fOOt length) for a total of 2 

pH meter (Orion Model 250A) with appropriate buffer solutions 

Conductivity meter (Orion Model 122) with appropriate conductivity standard (replaced 
conductivity meters used for single well development) 

Geotech variable speed peristaltic pumps with appropriate lengths of tubing (nylon and 
silicone) and connectors 

Surge block (consisted of 1.5-inch O.D., 3-fOOt length, stainless steel slug) 

OU1 Phase III RFVRI Report 
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a 881/RPT0061 9130192 954 am pf 

PUMPING TEST 

The following is a list of equipment and materials used for the multiple-well pumping test in 

addition to the equipment used for the step-drawdown test in Attachment B2-2: 

Backup 5 kW generator 

SHURFlo Model 1424-814-78 diaphragm pump (capable of pumping rates up to 1.6 gpm) 

Hermit SE 2000 data logger (8 channel) for a total of 2 

5 psi pressure transducers (accuracy of 

10 psi pressure transducers (accuracy of 

Solinst electronic water level meter (sufficiently accurate to measure water levels to the 
nearest 0.01 foot) for a total of 2 

Polyethylene storage tanks (375-gallon and 200-gallon) for temporary storage of the 
pumping test water 

0.14 inch) for a total of 3 

0.28 inch) for a total of 18 

OU1 PhaseIU RNRI Report 



MULTIPLE-WELL TRACER TEST 
EXTRACTION WELLS E l  THROUGH E5 

(five sets of the following equipment) 

The following is a list of equipment and materials used for the multiple-well tracer test extraction 

wells in addition to the genral tracer equipment list provided in Attachment B2-2: 

Diaphragm pump, self priming, 1.85 gpm maximum 

B/W Controls liquid level control relay, high sensitivity with NEMA 1 enclosure, wired 
in direct operation mode, with 22 kW sensitivity resistor 

Electrode suspension wire, heav y-insulated 18 gauge copper 

Stopper, solid rubber, no. 00, fastened into polyethylene tubing 

Appropriate lengths and sizes of tubing (vinyl and polyethylene) and appropriately sized 
pipe adaptors, reducing bushings, and branch tee 

Stopper, solid rubber, fastened into polyethylene tubing 

Electrodes (2), shielded, wire suspension type, 303 stainless, 2-inch long, 9/16-inch 
diameter (B/W Controls type E-1 S-shielded) 

Digital flow accumulator, nylon, 0.3 to 3.0 gpm range 

Stopcock valve, PVC 

Polyethylene Storage Tanks (200- and 375-gallon) and lined 55-gallon drums 

881/RPT061 9/30/92 954 am pf OU1 Phase Ill FWAU Report 



MULTIPLE-WELL TRACER 'TEST 
INJECTION WELLS I1 THROUGH I5 
(five sets of the following equipment) 

The following is a list of equipment and materials used for the multiple-well tracer test injection 

wells in addition to the general tracer equipment list provided in Attachment B2-2: 

Stock formation water or bromide solution, in 200-gallon tank, 375-gallon tank, or lined 
55-gallon drums 

Diaphragm pump, self priming, 1.85 gpm maximum 

B/W Controls liquid level control relay, high sensitivity with NEMA 1 enclosure wired 
in inverse operation mode with 22 kW sensitivity resistor 

Electrode suspension wire, heavy-insulated 1 8 gauge copper 

Electrodes (2), shielded, wire suspension type, 303 stainless, 2-inch long, 9/16-inch 
diameter (B/W Controls type E-1 S-shielded; no. 6013-W6) 

Appropriate lengths and sizes of tubing (vinyl and polyethylene) and appropriatelty sized 
pipe adaptor and reducing bushings 

Digital flow accumulator, nylon, 0.3 to 3.0 gpm range 

Stopper, solid rubber, no. 00, fastened into polyethylene tubing 

8811RpToo61 9130192 954 am pf OU1 Phase IIl RFWU Report 
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MULTIPLE-WELL TRACER TEST 
SUPPLEMENTAL SAMPLING; WELLS 1-3 AND 0 - 3  

(two sets of the following equipment) 

The following is a list of equipment and materials used for the multiple-well tracer test 

supplemental sampling wells in addition to the general tracer equipment list provided in 

Attachment B 2-2: 

Peristaltic pump, Geotech with Masterflex no. 17 pumphead, 60 to 350 rpm 

Appropriate lengths and sizes of tubing (polyethylene, vinyl, and silicone) and 
appropriately sized connectors, pipe adaptor, and branch tee 

Stopcock valve, PVC 

Stopper, solid rubber, microstopper size, fastened into polyethylene tubing 

OU1 Phase III RFURI Report 



ABANDONMENT 

The following is a list of equipment and materials used for wellpoint abandonment: 

Jack with chain 

Grout plant with 1-inch hose 

Reduced pH bentonite grout 

Cement bentonite grout 

RFP water 

Black permanent pens 

Appropriate PPE 

Copy of EMD SOPS 

Appropriate field form (Form GT.5A) 

881/RPT0061 9130192 954 am pf 



Appendix B2 
Multiple-Well Test Data 

ATTACHMENT B2-6 
MULTIPLE-WELL FIELD DATA SHEETS 

881/RPT0061 9/30/92 954 am pf OU1 Pbase ID RFVRI Report 



Appendix B2 
Multiple-Well Test Data 

WELL JNSTALLATION 
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US. DEPARTMENT OF ENERGY ROCK\’ FLATS PLANT 

PROJECT NUMBER 

DATE 
mmcrNAME 

BOREHOLE IDENTIFICATION 
WEATHER CONDITIONS 
RIG TYPE 
DRILUNGCQh4PANY/DRILLER 

GEOLOGIST/ENGINEER 

CREWMEMBERS 

WATER LEVEL/”IME 
TOTAL DEpTH (=!s4‘= -Uc) 
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DECONTAMINATION 
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DRUMS USED 

HOLLOW-!3TEM AUGER DRILLING 
FIELD ACTMTIES REPORT 

DIAMETER OF BORING 
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SAMPLING TYPES, DEPTHS 
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DEPTH TO BEDROCK 
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CHRONOLoGICqLL RECORD 
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U..S. DEPARTMENT OF ENERGY K<XX\' FLATS PLANT 
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PROJECT NUMBER 
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RIG TYPE 
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- .5.('0 e.& TOTAL DEPTH I G*rccr > 
DECONTAMINATION 

ENVIRONMENTALMATERIALS 

TYPES, VOLUMES, AND 
DRUMS USED 

DIAMETER OF BORING 

TYPE AND SIZE OF AUGERS 

AND BIT 
SAMPJJNG TYPES, DEPTHS 

HAMMER SIZE 

D E I "  TO BEDROCK 

END-OF-DAY STATUS 
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Multiple-Well Test Data 

WELL DEVELOPMENT 
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US. DEPARTMENT OF ENERGY ROCKY FtA?S pl.A" Forn <;WS 

0 

0 
F.T.U. meter No: JY% pc, &d SOP 2 . d  Wibration: r(A 



F.T.U. meter No: r l A  PL( 6*r sop ZO& Calibration: UA 

. .  

. 





us. DEPARTMW OF ENERGY ROCKY FLA'IS PLANT 

Well ID UELLPold~ =c,3 - P - P I T I U I L € ~  qiZ.7- AGLLCAJ 

Survey locrcion coordinates: North East 
Date thk rtport Date wcll blahtion Date w e U  devetopment - 
wen dedgnatioz 

G& dcvatior~ Est Sumy. 

S c r e t n e d i n r d  h a t t o p :  

&murk4 point (MP): Top of ueli casing/& 

water w (below MP): start: 

well depth ( b e h  MP): 
Metbod d to measure watcx levtl: 

Volume of saturated a ~ u l u s  (assume 30 percent porosity): ~ 

Volume clkulatioz 

Quantity of water used during drilliag: 
Depth d sediment (below MP): Before: 

Dtvtfopnsent equipment: 

Sampling quipment 

pH met& No. 
Spedlic eondudance meter No: Wbratiorc 

wcllstickup: - 
End: 

Water elevation (BGS) 
Estimated rcchuge rate: 

After: 

Cabbratiox . 

I 

F.T.U. meter No.: Calibration: 



US. DEPARTMENT OF ENERGY ROCKY FIA'IS PLANT Form (;"a 



US. DEPARTMENT OF ENERGY ROCKY FIAm PLANT Form <;wa 



US. DEPARTMENT OF ENERGY ROCKY FtAls PLANT born tiWJ.4 

-a  _ -  



US. DEPARIMENT OF ENERGY ROCKY FLATS p w  

Survey location coordin8tts: North East 

Date WJI installetion Date well development - Date this report 
Well dcsignatiOn: 

Ground t levat i~~ Est: Somy: 

sael%lHl interval: F A  
M- point (hfP): Top of well a&&& 

Water level (below MP): start: 
Well depth (below MP): 
Method used to measure water level: 
Volume of saturated annulus (assume 30 percent porosity): 

Volume Calculation: 

Quantity of water used during 

Depth of sediment @elow MP): Before 

well&tickup: - 
En& 

w8ter Clcvlltion (BGS) 
d 

Estimated rtcharge rate: 

After: 

Development equipment: 

Sampling equipment: 

Specific conductance meter No.: Calibration: 

F.T.U. meter No.: Calibration: 

pH metu No. W b t i O n :  

I . 
I I I I I I I I 

I.' 1 



US. DEPARTMENT OF ENERGY ROCKY mAls PLANT F.m 



Us. DEPARTMENT OF ENERGY ROCKY m m  p w  

WELL DEVEIBPMENT AND SAMPLING FORM 

a 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

Volume of saturated anadus (assume 3O percent p d t y ) :  

Vdme caI&tim 

Quantity of water used during drilling: 
Depth of sediment @elow MP): Before: After: 

Fom cwa 

WEU DEVEWPMENT AND SAMPWNG FORM 

1 - 1  

I I 

Comments 



V: 

- DEVELOPMENT AND SAMPLING FORM 

C 



US. DEPARTMENT OF ENERGY ROCKY FLA'IS r LANT 

WELL, DEVELoqMENT AND SAMPUNG FORM 
Tap2 2 ~ Z  

n4 d 
Rtnmhrc Name and Title 
well ID 
Survey toCrtion ooordinates: North East 

WJI cksipdl: 
Ground E& somy: - 
saeeoed ietennt: i$xzrI8- 

M ~ i t i u g  p'ht (W): Top d W& crsing/other: 
water level CbJOw MP): stut: 
WelI depth (below MP): 

D a t e d h ~ t d h t i o n  - Date well development - Date ttJI report 

wetlslickup: - 
Ea& 

wuer ctevrtion (BGS) 

Method used to measure water Iml: 

Vdume d saturated annulus (assume 30 percent m): 
Volume C.lculation: 

Quantity of water used during drilling: 

Estimated recharge ratc 

After: Depth d =dimat (below MP): B ~ O W  * 

Devekrpaent equipment: 

Sampling quipmeot: 
pH rn& No. Calibration: I 

Specilic cwdudanoe meter No.: Calibration: 

F.T.U. meter Na: Wiration: I 



U S  DEPARTMENT OF ENERGY ROCKY F U ~  p w  Fom ma 

calibratiorc d4 k/A F.T.U. meter No.: 





US. D E P A R "  OF ENERGY ROCKY. FLATS PLANT Fora W.U 

Welldesignation: . 
Ground clcvatio~.~ Est SUmy: 

saeened illtcrvak Formrtioa. 

M m  point (MP): Top of mll casing/& wellstickup: - %+ 

I I I 1 

Well depth @elow MP): 
Method used to measure water kvek 

Water elevation (BGS) 

Estimated recharge rate: 

I I I 

I 1 I n 



US. DEPARTMENT OF ENERGY ROCKY M'rs Foam GW&4 

a 

a 

4 
- taln' 

Quantity of water used during drilling: 
Depth of sediment @elow MP): Before: ~4 tJI4) 

Development equipment: ' 

Sampling equipment: 

PH meter NO. Calibration: . 
Spu%c conductance meter No.: Cabation: 

F.T.U. meter No.: Caliiration: 

After: rJr+~wd 

I 
. 
'C 

. 
I 

. ., 
. .  

. .  



US. DEPARTMENT OF ENERGY ROCKY FLATS p m  Foam G W A  

- 
WELL DEVEU)€!MENT AND SAM-G FORM 

T&jC +*< -., 4 
Recordu'r Name and Title 

WeUID a 
Sumy location coordinates North Ellst 

Date this report 

Well dcdgzdoa. 

Datewellhlahtioo ,- Date well development 

Swey: Ground elevatioo: Est: * 

screened i n t d  Itorm.tiop: 

Measuring point (MP): Top of well cahg/&m 

Well depth @ e h  MP): 
Method used to measure water k d  
Volume of saturated annulus (.ssume 30 percent porosity): 

Volume C a l d a t i m  

Quantity of water used during drilliag: 

weuslickup: - 
Water levJ (below MP): Start: 3.29 fi  s Illrl- 0 b& / i a , U . w e J  

W u a  elevation (BGS) 

Estimated rechuge rate: 

Depth of sediment (below MP): Before: Aft% 

Development equipment: 

J 

F.T.U. meter No.: I 





US. DEPARTMENT OF ENERGY ROCKY Mls Fonr ma 

Calibration: 

I 
Specific conductance meter No.: 

F.T.U. metw No.: Calibration. 



Fom G".ZA us. DEPARTMENT OF E N E R ~  ROCKY PLANT 

Recorder's Name and Title 
Well ID E L  
Sumy tomlion coordinates North East 
Date this report Date Wen instahtion Date well development - 
Well d-on: 

Ground devatio~~ Est sprvey. 
Screened i n t d  F& 

Measuring point (MP): Top of well casing/okc 

w.ter bl (below MP): start: 

. 
WJISti&up: - 

End: 
wen de* @elow MP): 
Method used to measme water lev& 

Volume of saturated annulus (assume 30 percent porosity): 

Volume Calculation: 

Quantity of water used during drilling: 

Water etcvatiOn (BGS) 
Estimated recharge rate: 

Depth of sediment @elow MP): Before: Aft= 

Development equipment: 

Sampling equipment: 
pH meter No. Calibratioc 

F.T.U. meter No.: Calibration: I 

L 

Specific conductance meter No.: calibration: 



US. DEPARTMENT OF ENERGY ROCKY FLA'IS PLANT 

.-. . 

f 

L 



US. DEPARTMENT OF ENERGY ROCKY mAls PLANT 

0 

a 



Fom GW3A 

- 

SGE mq 

Welldesignation: 
Ground ekvrtion: Est Spmy: 
Scrcenedinterval: i'wmrt;on: 

' Measuring point (Mi'): Top o f d  c&g/otbu: wetldickup: - 
Water level @ekm Mp): Start: 

Well depth @eh MP): 
Ea& 

w8tm Jcvrtian (BGS) 

Method used to musure water level: 

Volume of saturated annulus (assume 30 pcrwt m): 
Volume cakllla- 

Estimatedrcchargede: ,- 

Quantity of water used during ddhg 

Depth of bedimtot @elow MP): Mort: 

Development cq+ent: 

Sampling q d p m a  
pH met& No. Calibration: I 

Spccilic coadudance meter No.: Calibratioa 

F.T.U. meter Not Calibratim 

. _.. - -  

c . 
- 

.' : 



US. DEPARTME" OF ENERGY ROCKY p m  Form 



US. DEPARTMENT OF ENERGY ROCKY MIS PLANT . . F q U W . ? A  

WELL DEVWX)E!MENT AND SAMPLlNG FORM 

- -  
Metbod used to measure8mtcc kvel: 

Volume of saturated tnnutus (assume 30 puceot porosity): 
Vdme catdtion: 

Quantity of water used during drilliag: 

Estimated rechuge r a t ~  

C.85 
Depth of dcdiment (below MP): Before: be?g%$) Aftec r M r r z n r d 1 2 l r t  

Development qdpment: 

- -  

:A Ir ( F.T.U. meta NO.: 



US DEPARTMENT OF ENERGY ROCKY FUlS PIAN" 

,EQUIPMENT: 
CALIBRATION: 
QCREVIEW: 

GROUNDWATER LEVEIS 
M E A s - / m T I O N S  



+ 0 .3  = 7.K SEC 

ProbeEndd 'ID0 Chlr'dby 

Well No. 1 I 

+ b t 3  = J.97- 

P r o b e E d  TDo Chk'dby 



GROUNDWATER tEvELs 
MEASUREMWIS/CALCUIATIONS 

Measurement 1 

Measurement 2 
Measurement3 I a. 4 0  Measurement3 I a. 4 0  

Well No. 

Comments .- 
6-43 I 

Average MTD ProbeEnd TDo Chk'dby 

Well No. 
04 wDb 

Measurement 1 a m  
Measurement 2 3 - 8 7  - 
Measurement 3 2.3 5 

I- Average WD 

' Comments :I 
h . b L  1 * 

1 



. -  
US DUAKIME" OF ENERGY ROCKY RATS PIAW . 

., ' 

EQUIPMENT: 
CALIBRATION: 
QCREVIEW: 

Measurement 1 
Measurement 2 
Measurement 3 

. . .  

Well No. 
Gl  

Measuremen1 1 

Measurement 2 
Measurement 3 

.- . 



US DEPARIMENT OF ENERGY ROCKY RAlS PIANT . 

GROUNDWATER tEvELs 
MEASUREME"LATIONS 

EQUIPMENT: 
CAUBRATION 
QCREVIEW: 

.- 

Well No. 
c-f wDb 

Measurement 1 3 b9 
Measurement 2 344 - 
Measurenient 3 2 , b <  

I 

me Comments 



EQUIPMENT: 
CALIBRATION 
QCREVIEW: 

Well No. 

I 

. .  

. .. 



. . .  

US DEPARIMENT OF ENERGY ROCKY RATS PUNT 

EQUIP- 
CAUBRATION 
QCREVIEW 

Mea - 
_c .. :..,. . .  ........... 
:.: ',. :: 
. .  ....... .... .:. ...... .. .: .... .... ......... : . 

surement 3 I 3 50 
. . . . . . .  ............ . : i L. c 

. . . .  

Well No. 
01 WDb 

Measurement 1 3.10 

Measurement 2 3.10 

asurenient 3 9 10 

........ . .,. . ......... 
. .  ..: ;..E:,.;! Avenge WD 

. .  

.... 



EQUIPMENT: 
CALIBRATION: 
QCREVIEW: 

Well No. 

Wcll No. 

04 WDb 

Measurement 2 3.2g - 
Mcasurenient 3 7.1 8 

Measurement 1 3.9 P 

. .  

. .  

1 .  .. 



. . . 





US DEPARTMENT OF ENERGY ROCKY RATS PUNT 

GROUNDWATER LEVELS 
MEAsuREMENTs/cALcuLA TIONS 

EQwm 
CALIBRATION 
QCREVIEW: 

I I 

- + -  ProbeEnd ID" Chk'dby 
I 1 U I 



US DEPARTMEKT OF ENERGY ROCKY RATS PUNT 

GROUNDWATER LEVELS 
MEAsuREMENIs/cAu=uLA TIONS 

EQUIPMENT: 
. CALIBRATION 

QCREVIEW: NaUle Date 

I I 

Avenge hcz?) - 
Comments 

+ -  - -  -. 
ProbeEndd TDo Chk'dby 1 



US DEPAKIMW OF ENERGY ROCKY FIATS PLANT 

GROUNDWAm 
MEAsuREMEKIs/cALcuLA "IONS 



US DEPARTMENT OF MERCY ROCKY MlS PUNT FORM cw.u 

GROUNDWATER LEVEIS 
MEAsWEhENTS/CAU=oIAnoNs 

EQmMJ=NT: 
CALIBRATION: 
QCREVIEW: 

I '  

Mcasurcment 2 13.2 I 

= . + -  
AverageMTD ProbeEnd 'IDo Chk'dby 

Nota: 



E Q m m  
CALIBRATION: 
=REVIEW: 

Measurement2 3.2X 3.9 

WeU No. 

MIDc Comments 

M M a f A  

= . + -  
A v e r s g e m  ProbeEnd "DO Chk'dby 

Notes 



US DEPAKIMm OF ENERGY ROCKY RATS ?LA" . 
QROUNDWATER LEWIS 

MEAsvREMENls/CALCtMnONs 

I wen NO. - w J c  

Measurement3 I 1 s 4  I . 

Well No. 
52L WDb I MIDc comments 

Measurement 1 3 . 4 5  1 /&+ 4 J w - < I  I 
Measurement 2 ?,d< 
Measurement 3 3 . 4 9  

3 4  t; 
Average WD 

Well No. 14-1 wDb me Comments 

Measurement 1 3 . a  

Measurement 2 S,9b * I 

P r o b e E d  TDO Chk'dby 



Well No. I ?brJc 

z 4  I wDb 

Well No. 

Well No. 

Nda: 

Avenge h4TD - 

Average MID - 
__ 

Avenge 

, 



EQWMENT: 

QCREVIEW: 
CALJBRATIOM 

Well No. 

Well No. 

easur mt 

. .  . .. . .. .. 
e .  



USDEPAKIMENTOFENERcYRoCmRATsPLANT 

GROUNDWATER lEvEL 

EQUIP- 
-CALIBRATION: 
QcREvlEw: 

Well No. 

Well No. 
E L  wb 

Measurement 1 3 .  o P  
Measurement 2 ?.or - 
Measurement 3 3*0r 

NdU 



EQUIPMENT: 
WBRATION: 
Q C R E m :  

. . .  



Appendix B2 
Multiple-Well Test Data e 

881/RPT0061 9/30/92 954 am pf a 

PUMPING TEST 

OU1 Phase Ill RFURI Report 



PANlPfhJc- R47FT Date: I t l r d 9  I 
All readings are depth to wafer from top of casing 



AQUIFER PUMPING TEST DATA SHEET 

PERSON RECORDING DATA 5 c c3 -4omd 

I ?  in STATIC WA* &-& 3.37- ft PUMPING WEU I.D. 

ELAPSEDTlME 
(Units) 



Page 1, of - 
:. . . 

Hydrogeofogi6t: 4,CC..JD&hJ 

' ,  WeUNumber: I. I 

Date: IL/, h l  

Static Water Level: 3 .7 (- 

Stickup: 6.81 c-sfld) n ,f a' (5 * < d e 4  

All readings are depth to water from tbp of casing 

I 

7 frfl I 3.37 

3-5 5 6  13.43 
33 O I L '  p . 4 3  

I 

lz ie 3 5  

VS.1 

s36 

7 -+i 

0493 

8 2 0 5  

Reading 

I 

3. Go 

3-63 . 

7 ' b 4  

3. (eLi 

3 ,&9 

3,is 

. .  

. -  __-______ ~ - .  .-. -. -.---- 



c 

J 

b Page &of. 

1 i 



. Mmd 
2.08, Rev. 0 

33 of 43 
- EffrcclveDote: October 29,1991 

ER& WM 

EGBG ROCKY FLATS PLANT 
EM/ER G R O W W A T E R  SOP 

Wtty Rdoted 

Proudwe No.: me: 
QtcrrorY 1 organlzatlon: 

AQUIFER PUMPING TEST DATA SHEET I 
I 



Static Water Level: 3.4 L* (mc 





Manual 
Roadurc No.: 2.08, Rev. 0 

- EfldvrDate: October 29,1991 
ER&WM 

EG&G ROCKY FLATS PLAN” 
EWER GROUNDWATER SOP 

Safety Related 

me: 33 at 43 

fitcgov 3 orgaalzauon: 

AQUIFER PUMPING TEST DATA SHEET 

WELL# =3 ! 

(&9 17 in STATIC W A T ~ R  VEL 3 . 9 5  ft PUMPING WELL I.D. 
I 

ELAPSED TIME 
(Units) 

. .  

. 

. 
etc. 

WATER LEVEL 
(Units) 

Q (pumping well) 
(Units) 

i 

i 

! 

I . .  



P q 0  Of 2 

nh I 
- 1  Project: s - 2  I H t U  rtoc 

Hydrogeologist: 5. c . w P , ? ~  
0 

Well Number: 5 3  

Date: I I 15 I 
c 

Static Water Level; 3.5 7 5 - f r r ; ~  

stickup: t a n %  ircl 4 c J L  J 1 t.05 (srtW) 
All readings are depth to water from t6p of casing 



l 

e 

. I  

Page 2- of. 

Date: t .-I, 15, 
All readings are depth to water from top of casing 



Mmd 
2.08, Rev. 0 proadwe No.: 

33 of 43 page: - E!fo&vrDJe: October 29,1991 

E R & W  

EC&G ROCKY m A T S M  
EM/ER GRO- 

Safety Related c.tcqofl 1 o ~ t l o n :  

AQUIFER PUMPING TEST DATA SHEET 

3 . b  f ft P W X N G W E U L D .  l 7  in 
STATIC W 

DISTANCE TO 

ELAPSED TIME 
('Units) 

. -  

- 

. 

. 

WATER LE= 
('Units) 

/ 

I 
1 

i 
! 

i 

etc. 

. .  



Hydrogeologist: ~ . ( ~ d - ,  J 

Welt Number: r4 

Date: I t l r k  1 4 1  

Static Water Level: 3 . G ,  * (W 

stickup: \ .ox  C b . & ~ b 4 C C O  \ ,ob ( 5 r t J q )  

AI readings are depth to water from W$of wlng 



2 Of ';i 
b 

Well Number: 2 4  

All'~8adings are depth to wafer from fop of casing 



I 

EC&G ROCKY FLATS PLANT’ MPnd 

c.tcgov 1 otepnlrsuon: 

EWER GROUNDWATER SOP proctdure No.: 2.08# Rev. 0 

- E~T&IWD&: October 29,1991 

ERdrWM 
Safety RdaW 

page: 33 Of43 

AQUIFER PUMPING TEST DATA SHEET 

ELAPSED= 
mnits’S 

. .  

. 

etc. 

WATER LE= 
Wnits) 

Q (pumping well) 
Wnits) 

i 

! 

i 
1 

! 
I 
I 

i 

! 
! 

(401 I)(Aqnsr)(l mi9 1) 



WenNumber: rr 

Date: 1% 11.4 I ' t l  

Static Water Level; 3 ,L c (7bc ) 

stickup: 1.01 ( L h s d t J )  i,03 L S ~ V ~ )  

A# readings are depth to water frorn%bp of casing 



.. 
b 

Well Number: IS- 

i . . .  
: -  . .  

. .  
f 



EG&G ROCKY FLATS PLANT . MMUd 0 EMER GROUNDWATER SOP Roccdurc No.: 2.08, Rev. 0 
Pope: 33 of 43 - 

Safety Related - E 6 d v r D a t e :  Octobtr 29,1991 

c.tceorl1 orpn!zatlon: ER&WM 

AQUIFER PUMPING TEST DATA SHEET 

DATE A . U  PERSON RECORDING DATA 5 C O ~ O ~ ~  
I 

STATIC W A T k  3.25 ft PUMPINGWELLLD. 1 1  in 

IUnits) 
S F E  

(Units) (Units) 

r 

~~ 

. .  
. 

etc. 



Page of 3, 
. .  . . .  

, 



1 Reading Rme Tim8 Aeadlng 

All readings are depth to water from top 

1 (feet) 
I i $:cdt ' 3 3  1 3.535 

0 .. tt. '- 5 3 

9 t j T i 5  3 51 

8 23-27 3-49 

8 --yq : 00 

3.52 

2- Y9 

q:Og;  io 3 .'13 0 

.I- 

1 
I 
I 
I 

of casing 

(feet) 

J 

. e  

. 



EC&G ROCKY FLATS P w  
EWER GROUNDWATER SOP 

Safety EdoQd 

. M p n d  Procedure No.: 2.08, Rev. 0 

- ElldvrDPte: October 29,1991 
ER&WM 

$age: 33 of 43 

c.t4wJl orgnnlutlon: 

A Q m R  PUMPING TEST DATA SHEET 

in 3 . 2 4  ft PUMPING WEIL1.D. L 7  
STATIC W A k  J3 I 

ELAPSED TIME 
IUnits) 

. .  

WATER LEVEL Q (pumping well) 

(Units) Wnits) 1 I 
, 

0 

/ 
. 
CtC. i 



HydrogeologiSt: 5 . -J./I? ,- J 

' ,  Wen Number: 0 1  

stickup: (WbSbdtci) 0.m CSMU4-I 

Ali readings are depth to water from top d casing 

c 



' b  Page of. 

WellNumber: 0 z 

Date: 1 d ie l4  1 
All readings are depth to water from top of casing 

t 

I 

d------ 

I Readfng Readlng 1 flme I 1 
I I i I 

I 
1 
I 

I i I 
i i 

3. .t6 t I 

I I I 
I I 

I 
P 

I f I 
I I 1 

I 

* 

I i 
I I 

I 1 
I i I 

I I i 
I I I 1 



L 

EG&G ROCKY FLATS PLANT . Manu1 E- GROUNDWATER SOP procedure No.: 2.08, Rev. 0 

- EfldveDate: October 29,1991 

ERdrWM Safety ReWd 

Page: 33 of 43 

c.moq 1 o ~ t l o n :  

AQUIFER PUMPING TEST DATA SHEET 

DATE !r\1P\< 

DISTANCE TO GWELL u ft 

ELAPSED - 
(Units) 

. 

Ctc. 

J 

WATER LE= 
(Units) 

Q (pumping well) 
(Units) 

i 
1 

1 .  

I 
I 
I 

i 
I 

; 

! 

I 
i 

i 
! 

I 

! 

i 
1 
! 
! 



. . _ .  

' ,  Well Number: 01 

Date: lrlr 5 I51 

Static Water Level: 3 . q d  ( W C  1 

stickup: 0.4 5 ( tit,>Jl'A 3 o , q 7  <SrfJby') 

AU readings are depth to water from top of casing 

I I * rime 
I Reading I Reading 

(fsd) 
/ 

3.4 0 

-3. Q/ I 

3. YS 





EC&G ROCKY FLATS PLANT Mmul EM/ER GROUNDWATER SOP procedure No.: 2.08, Rev. 0 

- EffrctlvrDate: October 29,1991 

ER& WM 
Safety Rdrttd c.tcgorJ 1 Organbation: 

page: 33 of 43 

AQUIFER PUMPING TEST DATA SHEET 

D A F  &-”= 

ELAPSED TIME 
(Units) 

. -  

. 
ttc. 

WATER LEVEL 
(Units) 

i 

I 

I 
i .  
1 
i 
1 

I 
I 

I 

! 

i 
i 

, 

! 

i 
i 
i 
I 

! 



Of, 



EG&C ROCKY FLATS P W  Manual 
Roccdure No.: 2.08, Rev. 0 EMER GROUNDWATER SOP 

Safety RdoM - EKtctlvrDate: October 29,1991 
O ~ t i o n :  ERdrWM 

page: 33 of 43 

. Manual 
2.08, Rev. 0 KY FLATS P W  

AQunzER PUMPING TEST DATA SHEET 

E L A P S E D W  
Wnirsl 

. .  

. 

. 
etc, 

WATER LEVEL 
(Units) 

\ 9x- Q (pumping well) 

I 

1 
? 



Well Number: f) + 

Stickup: t .0 ( M O S r r C ' I )  1.b csL*<Lw') 
All readings are depth to water frombp of casing 

. .- .. . -. .... __._,__,_---.---I_ 



Well Number: 

c 



. .  

4 

Well Number: 
84 ,qlx(q I 

w e :  I %/If 14 \ 
All readings are depth to water from top of casing 



a 

ECbG ROCKY FLATS PLANT EWER G R O U N D W A m  SOP Rmdure No.: 2.08, Rev. 0 

aft@ Relotad - EffdveDatt :  October 29,1991 
~ M O V  1 Ol'@&SUOD: ERBWM 

AQUIFER PUMPING TEST DATA SHEET 

. Manual 

page: 33 of 43 

PERSON RECORDING DATA 5 co PJOWW/ 

17 in STATIC WA'Rk '-$EL LE 3 . 3 ~  fi PUMPING WELL1.D. 
i 
i 

. 

/ 

i 

! 



Hydrogeoiogist: cs k , , L h C ~  

' ,  Well Number: 

Date: rrj,glql 

Static Water Level: 3 . 3 0 '  ( I - L C )  

Stickup: 1.10 I h U l W C J l  1.10 ( S U W Y )  

All readings are depth to water from tap of casing 

.- 

I 



-. 

j !  

! 

. .  



. Manual 
2.08, Rev. 0 

33 of 43 - EffdvrD3e: October 29,1991 

ER& WM 

EG&G ROCKY FLATS PLANT 
EWER GROUNDWATER SOP 

Safety B&bd c.tcootJ 1 Orgllstloa: 

proadwe No.: 
page: 

AQUIFER PUMPING TEST DATA SHEET 

DISTANCE TO PUMPING WEU sad? ft 
12-14 F) 

J 

WATER LE= Q (pumping well) 

(Units) 
ELAPSED TIME 

(Units) (Units) 

. .  

CtC. 
I 

I 

I 

! 

I *  
I 
I 

I 
! 

! 

I 

I 

i 

I 

1 

i 
! 

i 

i 
! 

! 



Date: Iz I ,  iz, 

Static Water Level: 3.0 1 (-rat 

I 

stickup: 6.9b ( w a s  w c d  1 1 .00  (SJJW ) 
All readings are depth to water from top of casing 





. Maaul 
Roadwe No.: 
Page: 

2.08, Rev. 0 
33 of 43 - ElfoctiveDate: October 29,1991 

EROWM 

EC&G ROCKY FLATS P W  
E m  GROUNDWATER SOP 

Safety R a t e d  
0 ~ t i o o :  

AQUIFER PUMPING TEST DATA SHEET 
i 

t*C I L i  in STATIC W A T ~ R  LEVEL 3.3 (a ft PUMPING WELL IS. 

ELAPSED TIME 
Wnits) 

. .  

WATER LEVEL 
Nnits) 

Ctc. 

Q (pumping well) 
#nits) 



Static Water Level: 3. t G (- 

stickup: 0.40 ( -,U.f,Q 0140 ( 5 "Uu ,>  

All readings are depth to water from top of casing 

I Tie  I Reading 

I 
M ' S  i (f8d) 

I 3, .IC-) 
I 1 

1 

I 

Time 

2.. 'It 

4. iY 

9'. 53 

5-35 

b 24 

6:  3Y 

5 -0<.-43- 

Reading 
(fed) 

3 . 3  

3 . 5 y  

3.35 

3.56 

. ' 3 , b  

2,  Gc, 

3.470 

3 .bt 

3-53 



. . .  

I 0 

b Page of. 

Well Number: E 3 

Date: I /q I 

Au readings are depth to water from top of casing 

I 1 
I I 



EC&G ROCKY FLATS PLANT M.nUl 

-tcoorJ 1 ~ U o t I :  

EWER GROUNDWATER SOP Procedure No.: 2.08, Rev. 0 

- ~oct lveDate :  October 29,1991 
ERdrWM 

Wefy Rdated 
page: 33 of 43 

AQUIFER PUMPING TEST DATA SHEET 

DATEA\ I P  \ 91 PERSON REOORDING DATA 5 eo 
< 

L ?  in (7, c) 
STAIIC W A T ~ R  LEVEL 3.45 ft PUMPING WELL ID. 

0 
ELAPSED TIME 

(Units) 

. -  

I 

. 

.. 

. 
CtC. 

WATER LEVEL Q (pumping well) 
CUnits) (Units) 



Well Number: G+ 

Date: I 2l ,%/4 ,  ,- 

Static Water Level: 3 .4L 5 0 (-. 1 



Page 5 of, 



Manual 
Procedure No.: 

- ElldvrDate:  

EG&G ROCKY FLATS P m  
EWER GROUNDWATER SOP 

Safety Belated 

2.08, Rev. 0 
33 of 43 

October 29,1991 
ER& WM 

page: 
0 

c.moq 1 organlz8tlon: 

D A T E L . ~  

AQUIFER PUMPING TEST DATA SHEET 

PERSON RECORDING DATA 5 CO~JOM~ 

ELAPSED TIME 
(Units\ 

. 

. 

WATER LE= 
(Units) 

. 
ttc. 

I 



Page of 2 
. : . '  . 

J t(ydrogeofogi6t: 5 .  C O d O l l A U  

Wen Number: e5 

Date: i z 1 I 9, I q I 

Static Water Level; 3. 3 ;  a c )  



. .  

b 

. 

Page ", of. 



Appendix B2 
Multiple-Well Test Data 

TRACER TEST 

881/RPT0061 9/30/92 954 am pf OUI PhascIU RFuRI Report 



t 



I 

- 

w 
W a 
W 
42 

8 
Y 
‘r3 
U 
d 
4 - 
Y 

H 
f 
U 

I 

‘I * 
z co 

3 1 
ow a 

W 

L 

W 

G 
t e 
n 42 

> 
U 

5 
!! 
z 
t 

3 

< 

c. i L 

k 

c 
W 
Z 

E 
5 
v) 



DAMES C HOORE 

REMOVABLE CONTAMINATION REPORT FORM 



DAME6 61 MOORE 

REMOVABLE CONTAMINATION REPORT FORM 

wtm IO SYStEM/€FF IACKGUOUND CROSS cars TIME OPM/lOo an2 
<CPH/Dp(o <CPW W W  

e 



'7:. g 

I E X X  4 n g  

1 I 
I 7 5 . '  

I 
! I 
I 
i 
i 

I 
i 
I 

I 
! 

I 

i 
I 

! 

I 

8 

! 

i 
! 
I ! 

i 

I 
I 

i 

t 

i 
j 
1 
I 
I 

I 
I 

* 

! 

1 
i 
I 

i 
i 

I 
1 

! 
i 
I 
1 
I 

i 

I 

i i  j 

I 

i i t  I 
' 8  I 

c 

I i 

I !  
I *  

I 

i 
I 
1 

I 
! 

' R 

I .  

I 
i 

i 

I 
i 

a a e c  : .. 

! 

, 

.. I ' -- 
- - i  

I 
i z . 1 a 

" 3 -: * --.- . . 
- I  . I .  -.. .. 9. 

. .  
. ... . .  . .  

: -:E. 2?6-E. -z I 

" 



(1) 

** 
Bamrple Saraening F O ~  ( ~ ~ i a 0 . 2  nppusaix A) and arlculat$Q 
zesultm nnrst aacorapany thin form. 

Only a t e  ory I samples can be traneferreb t o  0th- XT; 
Laborator P a. 

0th- analyeits nay includa Tritium, eta. 

i 



Appendix B2 
Multiple-Well Test Data 
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BROMIDE ANALYTICAL METHODS 

Bromide concentrations were measured in the field, immediately after samples were collected, 

using an Orion model 94-35 bromide ISE; an Orion model SA210 meter was used to measure 

millivolt potential. The reference electrode was filled before each day’s use with a 4M KC1, 

AgCl saturated filling solution. Electrodes were rinsed with distilled water and blotted dry before 

each measurement was made. In the field, the reference electrode was stored in filling solution 

when not in use. For periods of inactivity exceeding 2 days the electrode was drained and rinsed 

with distilled water. 

Samples were collected in 50 ml beakers for the bromide tracer evaluation test and in 100 ml 

beakers for the multiple-well tracer test. Orion-brand ionic strength adjusting solution (ISA), 

consisting of 5M NaNO,, was added to each sample. For the 50 ml samples, 1 ml of ISA was 

added with a 1 ml Grade A pipette. For the 100 ml samples, 2 ml of ISA was added using a 

Brinkmann Macro-Transferpettor automatic pipette. 

Bromide calibration standards were prepared by serial dilutions of Orion 0.1M NaBr standard. 

Glassware used for the dilutions consisted of 5 ml, 10 ml, and 20 ml Grade A pipettes and a 

1,000 ml Grade A volumetric flask. Instead of using three standards, as suggested in Technical 

Memorandum 4, eight standards were used to provide greater control. The eight standards were 

made as follows: 

Dilution Factor Pipette: Volumetric Flask Final Concentration 

lox 100 ml(7990.4 m a )  : 1000 ml 800 mg/l 
20x 50 ml (7990.4 mg/l) : 1000 ml 400 mg/l 
sox 20 ml(7990.4 mg/l) : 1000 ml 160 mg/l 

lOOX 10 ml(7990.4 mg/l) : 1000 ml 80.0 mg/l 
200x 5 ml (7990.4 mg/l) : 1000 ml 40.0 mg/l 

lOOOX 
2000x 
5ooox 

10 ml(800 mg/l) : 1000 ml 
10 ml(400 mg/l) : 1000 ml 
10 ml(160 mg/l) : 1000 ml 

RFLBPT0363 10/1/92 8:44 am sma 

8.0 mg/l 
4.0 mg/l 
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Standards were prepared prior to beginning the single-well bromide tracer evaluation test and 

again before beginning the multiple-well tracer test. Standards were stored in 1,000 ml Nalgene 

HDPE bottles. For the multiple-well tracer test, the bottles were sealed in a plastic bag and 

placed in the discharge water tank to achieve the correct temperature. 

Bromide calibration curves were made for several temperatures to evaluate the extent that 

temperature affects electrode response. Select results are presented in Attachment B2-8, Table 1 

and Figure 1. For each calibration curve, a least-squares linear regression was performed on 

log-transformed data. 

Temperature differences between the temperature at which time calibration curve was made and 

the temperature at which the samples were measured probably constitutes the greatest error in 

the bromide measurements, although the error would be systematic. Based on the curves made 

at 2.1"C and at 9.0"C (Attachment B2-8, Figure l), a 1°C temperature shift produced an error 

of about 8 percent at a +lo0 millivolt ISE response (about 1.6 mg/l bromide) and an error of 

about 3 percent at a -40 millivolt ISE response (about 560 mg/l bromide). A second cause of 

error results from meter sensitivity. Bromide ISE response was recorded to the nearest millivolt, 

which yielded an accuracy of about 2 percent for any given bromide concentration. The effect 

of the limited sensitivity of the meter can be observed in the time-concentration curves in 

Figure B2-13, in which the discrete number of recorded concentration values produce a "stepped 

profile." Combining the error factors results in an average estimated error of about f 5  percent 

for a measured bromide concentration. 

As an independent check on the accuracy of the bromide measurements made in the field, 

samples were collected periodically during the multiple-well tracer test and were submitted to an 

Environmental Protection Agency-approved analytical laboratory for analysis. Split samples of 

select calibration standards were also submitted. The analytical laboratory analyzed for bromide 

using a colorimetric method (Standard Method 4500-Br-B, Phenol Red Colorimetric Method). 

The results of these analyses are presented in Attachment B2-8, Table 2. All field and laboratory 

RFL/RPT0363 10/1/92 8 : 4 4 a m  sma OU1 Phase m RFl/TU Report 



measurements were comparable to within one order of magnitude. The percentage difference 

between laboratory and field measurements ranged from less than 1 percent to 45 percent. The 

average percent difference was 20 percent. Concentration variations are likely due to the 

different analytical techniques used in the field and the laboratory. 

0 

a 

@ RFLBPTO363 10/1/92 8:44am sma OU1 Phase III RFUIU Report 



& 

(E: 

d 

.3 Y 
cd 

c B 
r4: 

5 
W a 
0 

6) 
3 

W .. 

W z 

3 

s 
tF m o  

0 z 

h 

SI 
8s 

0 z 
h 

X S I  
8 E  2 s  

00 
W 

h 

s 
F 

3 4  

o o o o =  

5 
0 

333MT-I  

99999 
E ? ? ? ? ?  

W e 

E 
.3 

M .g .g .3 

E X &  



Table 2 Comparison of Laboratory and Field Bromide Concentrations Page 1 of 1 

Concenmtion (ma) 
Elapsed Time 

Well LabField (min) Laboratory Field 
~ 

I3 

0 3  

El 

E2 

E3 

32/33 
54/57 
298f294 

32/33 
54/55 

%I297 

31/32 
53/54 
87/88 

285/290 

33/34 
56/57 

*108/109 
108/109 
288/291 

+*-111- 
-111- 
34/35 
56/58 
mi292 

320 
490 
290 

190 
330 
360 

14 
57 
92 

160 

16 
78 

140 
140 
180 

1.3 
1.5 
180 
290 
390 

388 
405 
547 

158 
253 
48 1 

18 
56 
98 

213 

23 
86 

179 
179 
287 

-- 
-- 

133 
287 
441 

E4 

E5 

34/35 230 
57/59 340 

298f293 300 

35/36 140 
58/59 340 

299/294 170 

Tracer Solution 58/68 
20x standard - 
200X Standard - 
2000x standard 

480 
420 
40 
4.1 

232 
313 
388 

253 
287 
287 

423 
400 
40 
4.0 

Bromide ISE used to determine field concentration 

Colorimetric method (Method 4500-Br-B. phenol Red Colorimetric Method) used to determine laboratory 
concentration 

+ Sample collected prior to injection of tracer 

Ouok 2,1992 4:40 pm. Tcmp ou1 Phuc m RFlM R q m  
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Appendix B2 
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ATTACHMENT B2-9 

SINGLE-WELL TRACER EVALUATION TESTS - 
TEST PARAMETERS AND RESULTS 
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Table 1 Single-Well Tracer Evaluation Tests - Summary of Test Parameters Page 1 of 1 

Water column height, static 
Distilled Water Test Bromide Test 

3.84 ft * 3.67 ft ** 

Injection volume 

Injection time, total 

Down time 

Injection time, net 

Injection rate (volume/net time) 

Water column height, final 

A water level (final relative to static) 

30 gal 30 gal 

412 min. 417 min. 

0 min. 10 min. 

412 min. 407 min. 

0.073 gpm 0.074 gpm 

3.97 ft 3.80 ft 

+ 3.4% + 3.5% 

Switchover time 10 min. 7 min. 

Extraction volume 

Extraction time, total 

Down time 

Extraction time, net 

Extraction rate (volume/net time) 

Water column height, final 

A water level (final relative to static) 

38 gal 41 gal 

608 min. 740 min. 

25 min. 45 min. 

583 min. 695 min. 

0.065 gpm 0.059 gpm 

3.47 ft 3.29 ft 

- 9.6% - 10.4% 

- Notes: 

* at 10:12 on 12/11/91. 
** at 0855 on 12/13/91. 

881/RpToo61 10/1/92 8 5 5  am sma OU1 Phase III RFVRI Report 



Table 2 Single-Well Tracer Evaluation Tests - Distilled-Water Tracer Results Page 1 of 3 

Flow sc Temperature con. sc Discharge SC** 
Time (min) (pmhos/cm) ("C) (pmhos/cm) C/C, (pmhos/cm) C/Cf** 

0 

4 

6 

8 

11 

13 

15 

18 

19 

21 

23 

25 

27 

28 

30 

33 

36 

38 

43 

48 

53 

58 

68 

78 

89 

98 

108 

10.9 

19.8 

30.8 

46.9 

108 

129 

161 

189 

202 

219 

240 

26 1 

274 

279 

293 

311 

328 

337 

361 

373 

392 

402 

417 

433 

448 

455 

465 

7.8* 

7.8 

7.7 

7.7 

7.5 

7.3 

7.2 

7.2 

7.1 

7.1 

7.0 

7.0 

6.9 

6.9* 

6.9 

6.8 

6.8* 

6.8 

6.7 

6.8 

6.6 

6.5 

6.4 

6.4 

6.3 

6.3 

6.2 

17 

31 

48 

74 

171 

205 

257 

302 

324 

35 1 

386 

420 

442 

450 

473 

503 

53 1 

545 

586 

604 

639 

657 

684 

71 1 

738 

749 

768 

0.018 

0.032 

0.050 

0.077 

0.178 

0.214 

0.268 

0.3 14 

0.337 

0.366 

0.402 

0.437 

0.460 

0.469 

0.492 

0.524 

0.553 

0.568 

0.61 1 

0.629 

0.665 

0.685 

0.713 

0.740 

0.768 

0.780 

0.800 

28 

53 

60 

146 

246 

290 

306 

335 

364 

403 

426 

492 

534 

576 

599 

630 

647 

680 

707 

739 

745 

769 

0.030 

0.056 

0.063 

0.154 

0.259 

0.305 

0.322 

0.353 

0.383 

0.424 

0.448 

0.518 

0.562 

0.606 

0.63 1 

0.663 

0.68 1 

0.716 

0.744 

0.778 

0.784 

0.809 

881/RPT0061 10/1/92 855 am sma OU1 Phase III -1 Report 



Table 2 Single-Well Tracer Evaluation Tests - Distilled-Water Tracer Results Page 2 of 3 

Flow sc Temperature con .  sc Discharge SC** 
Time (min) (pmhos/cm) ("C) (pmhodcm) C/C, (pmhos/cm) C/Cf** 

118 

128 

138 

158 

168 

178 

188 

193 

203 

213 

223 

233 

243 

253 

263 

273 

283 

293 

303 

3 13 

323 

333 

343 

363 

378 

393 

408 

47 1 

478 

485 

495 

509 

512 

517 

520 

520 

522 

525 

527 

530 

533 

534 

535 

538 

539 

540 

542 

542 

542 

544 

543 

544 

542 

549 

6.2 

6.1 

6.1 

5.9 

5.9 

5.8 

5.8 

5.8 

5.7 

5.8 

5.6 

5.6 

5.6 

5.6 

5.6 

5.5 

5.5 

5.5 

5.5 

5.4 

5.4 

5.4 

5.4 

5.4 

5.5 

5.5 

5.5 

778 

793 

804 

827 

850 

858 

866 

87 1 

874 

875 

886 

889 

894 

899 

90 1 

906 

91 1 

913 

9 14 

92 1 

92 1 

921 

925 

923 

92 1 

918 

930 

0.811 

0.826 

0.838 

0.861 

0.885 

0.894 

0.902 

0.908 

0.91 1 

0.91 1 

0.923 

0.926 

0.932 

0.937 

0.939 

0.944 

0.949 

0.95 1 

0.953 

0.960 

0.960 

0.960 

0.963 

0.961 

0.960 

0.956 

0.968 

782 

796 

805 

826 

835 

84 1 

857 

860 

869 

87 1 

875 

880 

885 

888 

892 

896 

899 

902 

906 

908 

912 

919 

920 

922 

928 

929 

0.823 

0.838 

0.847 

0.869 

0.879 

0.885 

0.902 

0.905 

0.915 

0.917 

0.921 

0.926 

0.932 

0.935 

0.939 

0.943 

0.946 

0.949 

0.954 

0.956 

0.960 

0.967 

0.968 

0.971 

0.977 

0.978 

881/RPT0061 10/1/92 855 am sma OW1 phase JJI RFURI Report 



Table 2 Single-Well Tracer Evaluation Tests - Distilled-Water Tracer Results Page 3 of 3 

Flow sc Temperature Corr. sc Discharge SC** 
Time (min) (pmhos/cm) ("(3 (pmhos/cm) C/C, (pmhos/cm) C/Cd* 

423 

438 

453 

468 

488 

503 

518 

533 

548 

563 

578 

583 

547 

546 

549 

552 

559 

562 

56 1 

562 

565 

566 

568 

568 

5.4 

5.9 

5.6 

5.6 

5.5 

5.5 

5.5 

5.5 

5.5 

5.6 

5.6 

5.6 

930 

912 

926 

93 1 

947 

952 

950 

952 

957 

955 

958 

958 

0.968 

0.950 

0.965 

0.970 

0.986 

0.99 1 

0.990 

0.99 1 

0.997 

0.995 

0.998 

0.998 

930 

934 

936 

939 

942 

942 

943 

949 

947 

949 

947 

950 

0.979 

0.983 

0.985 

0.988 

0.992 

0.992 

0.993 

0.999 

0.997 

0.999 

0.997 

1 .Ooo 

- Notes: 

Time - elapsed time in minutes (excluding down time). 

Flow SC - specific conductivity measured with flow-through cell in pmhos/cm. 
a 

Temperature - temperature in OC measured at the discharge l i e  (asterisk indicates an estimated value). 

Corr. SC - specific conductivity measured with flow-through cell corrected to 25OC using a temperature coefficient 
of 2.1%PC (see text). 

C/C, - corrected SC (above) normalized to the corrected specific conductivity measured from the formation water 
with the flow-through cell (960 pnhos/cm). 

Discharge SC - specific conductivity measured with a temperature-compensating probe-type electrode at the discharge 
line. 

C/C, - discharge SC (above) normalized to the specific conductivity measured from the formation water with the 
probe-type electrode (950 pmhos/cm). 

** Included for verification purposes only. 

881/RPT0061 10/1/92 855  am sma OW1 phase Ill RF'I/RI Report 



Table 3 Single-Well Tracer Evaluation Tests - Bromide Tracer Results Page 1 of 3 

a Time (min) Bromide (mV) Bromide ( m d )  C/C, 

1 

2 

4 

6 

8 

10 

12 

14 

17 

20 

22 

24 

26 

28 

33 

38 

43 

48 

53 

58 

63 

73 

78 

83 

88 

92 

97 

107 

-36 

-36 

-36 

-36 

-35 

-34 

-33 

-34 

-3 1 

-30 

-29.5 

-29 

-29 

-28 

-30 

-24 

-24 

-22 

-2 1 

-20.5 

-20 

-17 

-16.5 

-16 

-15 

- 14 

-13 

-12 

486 

486 

486 

486 

467 

448 

430 

448 

397 

381 

373 

366 

366 

35 1 

381 

298 

298 

275 

264 

259 

253 

224 

220 

215 

207 

199 

191 

183 

0.972 

0.972 

0.972 

0.972 

0.934 

0.896 

0.861 

0.896 

0.793 

0.762 

0.746 

0.73 1 

0.73 1 

0.702 

0.762 

0.597 

0.597 

0.550 

0.528 

0.517 

0.507 

0.449 

0.440 

0.43 1 

0.414 

0.397 

0.381 

0.366 

881/RpToo61 10/1/92 859 am sma OU1 Phase III RFI/RI Report 



Table 3 Single-Well Tracer Evaluation Tests - Bromide Tracer Results Page 2 of 3 

0 Time (min) Bromide (mV) Bromide (m&) CK, 

117 

127 

137 

147 

157 

167 

177 

187 

197 

207 

217 

227 

237 

247 

257 

267 

277 

287 

29 1 

306 

32 1 

332 

342 

362 

382 

402 

422 

442 

-10 

-8.5 

-6 

-5 

-5 

-3 

-1 

0 

1 

1 

0 

3 

3 

6 

7 

7 

8 

9 

10 

12 

13 

15 

18 

20 

20 

22 

23 

24 

169 

159 

143 

138 

138 

127 

117 

112 

108 

108 

112 

99 

99 

88 

84 

84 

81 

78 

75 

69 

66 

61 

54 

50 

50 

46 

44 

42 

0.337 

0.317 

0.287 

0.275 

0.275 

0.254 

0.234 

0.225 

0.216 

0.216 

0.225 

0.199 

0.199 

0.176 

0.169 

0.169 

0.162 

0.156 

0.149 

0.138 

0.132 

0.122 

0.108 

0.099 

0.099 

0.092 

0.088 

0.085 

881/RPT0061 10/1/92 8:59 am sma OU1 Phase Ill RFWRI Report 



Table 3 Single-Well Tracer Evaluation Tests - Bromide Tracer Results Page 3 of 3 

Time (min) Bromide (mV) Bromide ( m d )  c/co 
462 

482 

502 

522 

542 

562 

582 

598 

618 

633 

653 

673 

693 

25 

25 

26 

28 

31 

32 

33 

33 

32 

34 

35 

36 

37 

41 

41 

39 

36 

32 

31 

29 

29 

31 

28 

27 

26 

25 

0.08 1 

0.08 1 

0.078 

0.072 

0.064 

0.061 

0.059 

0.059 

0.061 

0.056 

0.054 

0.052 

0.050 

Notes: 

Time - elapsed time in minutes (excluding down time). 

Bromide (mV) - concentration of bromide measured with bromide ion selective electrode in millivolts. 

Bromide ( m g )  - concentration in mV converted to m a  using calibration curve made at 7.7OC (01/27/92; 13:13). 

CEO - bromide ( m d )  normalized to the concentration in the tracer fluid (500 mgfl). 

- 
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Appendix B2 
Multiple-Well Test Data 

ATTACHMENT B2-10 

MULTIPLE-WELL TRACER TEST - 
TEST PARAMETERS AND RESULTS 
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Table 4 Summary of Relative Water Column Heights (measurements in feet) Page 1 of 1 

Injection Wells I1 I2 I3 I4 15 

(Static) 3.871 3.972 4.09 1 4.115 4.182 
Relative mean 4 .27  1 4.263 4.259 4.258 4. 172 
Standard deviation i0.018 39.020 i0.023 39.036 i0.028 

Estimated relative low +0.25 4 .23  4 .24  4 .23  4 .15  
Estimated variation 0.05 0.06 0.05 0.05 0.07 

Estimated relative high 4 .30  4 . 2 9  4 .29  4 .28  4 . 2 2  

Observation Wells 0 1  0 2  0 3  0 4  0 5  

(Static) 3.793 3.656 3.928 3.91 1 3.950 
Relative mean -0.058 -0.060 -0.055 +0.005 
Standard deviation i0.009 i0.007 i0.014 39.044 i0.017 

-0.03 1 

Extraction Wells E l  E2 E3 E4 E5 

(Static) 3.808 3.566 3.743 3.969 3.860 

Standard deviation i0.016 i0.018 39.024 H.020 i0.017 
Relative mean -0.147 -0.132 -0.154 -0.160 -0.147 

Estimated relative high -0.12 -0.11 -0.12 -0.13 -0.13 
Estimated relative low -0.16 -0.16 -0.18 -0.18 -0.17 
Estimated variation 0.04 0.05 0.06 0.05 0.04 

Gradient 11-El 12-E2 I3-E3 14-E4 W E 5  

Mean a h  0.419 0.395 0.413 0.417 0.320 
A L  4.78 5.04 5.85 5.05 4.75 
Mean gradient (Ah/&) 0.0877 0.0783 0.0705 0.0826 0.0672 

881/RPT0064 10/1/92 9:21 am sma OU1 Phase JII RFWRI Report 
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Appendix B2 
@ Multiple-Well Test Data 

ATTACHMENT B2-11 

SURVEYED WELL LOCATIONS 
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Surveyed Well Locations 

Well Number Northings (ft) Eastings (ft) 

SINGLE-WELL 

3989 1 747694.502 2085490.074 1 

I1 

I2 

I3 

I4 

I5 

01 

0 2  

0 3  

0 4  

0 5  

E l  

E2 

E3 

E4 

E5 

MULTIPLE-WELL ARRAY 

747688.1713 

747690.8963 

747693.127 1 

747695.3232 

747697.8299 

747688.0972 

747690.3744 

747692.5909 

747694.7528 

747697.5084 

747687.6940 

747690.1336 

747692.2385 

747694.6276 

747696.8983 

2085472.3106 

2085472.4142 

2085472.5959 

2085473.2138 

2085473.7358 

2085474.567 1 

2085475.3225 

2085474.9550 

2085476.2696 

2085475.7735 

2085477.0626 

2085477.4005 

2085478.3770 

2085478.21 11 

2085478.3975 

881/RPT0061 10/1/92 9:23 am pf OU1 phase III RFWI Report 



B3 GROUND WATER ELEVATION DATA 

Ground water elevations were calculated from data for wells sampled within OU1 from first 

quarter 1989 through second and third quarters 1992. July 1992 is the most recent quarter for 

which data for wells in OU1 have been input to the Rocky Flats Environmental Database System 

(WEDS) as of September 1992. Water level data are currently collected on a monthly basis 

under the routine monitoring program at RFP. Data initially were reported as measurements of 

depth to ground water from the elevation at the top of the well casing. To determine the ground 

water elevation, the measured depth to ground water was subtracted from the surveyed well 

casing elevation. Appendix A3 provides surveyed well casing elevations for newly installed 

wells. 

Attachment B3-1 presents tables showing well number, sample date, ground water elevation, and 

depth to ground water for Phase I and 11 monitoring wells. The depth to ground water is 

presented as a positive number representing the depth to ground water from the top of the well 

casing. If a well was dry at the time of measuring, the depth to groundwater is presented as "Dry 

Well." Often, the depth to ground water is represented as "NA." In these cases, the depth to 

ground water was not measured because there was an obstruction at the well location that 

prevented the samplers from taking a depth to ground water measurement. 

Attachment B3-2 presents ground water hydrographs for monitoring wells installed during the 

Phase I, 11, and 111 remedial investigations at OU1. Ground water elevations are plotted versus 

time by month. Occasionally, water levels were collected more than once a month. Where 

multiple water levels exist for a month, an average water level and corresponding elevation are 

calculated. The hydrographs presented provide data useful in assessing and interpreting seasonal 

water table fluctuations. Additionally, hydrographs are useful in solving groundwater mass 

balance problems concerning major catiodanion chemistry and the presence of nonaqueous phase 

liquids in a saturated porous media. 

881/A,PP0075 6/1/92 11:20am gm 
B3-1 

OU1 Phase ID RFURI Rcpod 
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1.0 INTRODUCTION 

This memorandum presents the most recent evaluation of hydrogeologic conditions and potential 

ground water contamination near the westem terminus of the french drain located south of 

Building 881. The conditions depicted in this memorandum were assessed using data from the 

recent Phase 111 RCRA (Resource Conservation and Recovery Ait) Facility 

InvestigatiodRemedial Investigation (RFI/RI) and the Interim Measurefiterim Remedial Action 

(IM/IRA) french drain monitoring program for Operable Unit No. 1 (OU1). The intent of this 
evaluation is to illustrate that any potentially contaminated ground water in the upper 

hydrostratigraphic unit (HSU) in the western portion of OU1 will be intercepted by the french 

drain and that potentially contaminated ground water originating from sources further west of 

OU1 can be evaluated under the IM/IRA french drain monitoring program and the routine ground 

water monitoring program. If contaminated ground water is detected in the colluvium during 

these monitoring programs, the possibility of adding additional monitoring wells or piezometers 

may be evaluated. 

2.0 HYDROGEOLOGY 

In the vicinity of the western terminus f t h  french drain, th upper HSU is comprised of 

colluvium and fill material. In general, the upper HSU in this area is apparently uniformly 

saturated, as illustrated by the water table map (Figure l), which shows the configuration of the 

upper HSU water table during January 1992 prior to completion of the french drain. Figure 2 

presents the saturated thickness of the upper HSU. Based on the water table contours and the 

saturated thicknesses presented for this period, ground water in the upper HSU in this area flows 

to the south and east, predominantly constrained by channel-like features occurring within the 

low-permeability bedrock surface. The westernmost flow path (Figure 1) intersects the french 

drain in the vicinity of the drain’s western terminus. This indicates that any potentially 

contaminated ground water in the westernmost portion of OU1 would be intercepted by the 

french drain even before the effects of drawdown increase the capture zone. 

881/0090 9/23/92 8:35 am ap 
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Appendix A of the French Drain Performance Monitoring Plan (DOE 1992) presents 

ground water modeling results that illustrate the impact of drawdown in the upper HSU due to 

operation of the fiench drain. Qualitative evaluation of the modeling results indicate that water 

table contours will bend around the terminus of the fiench drain, in response to changes in 

hydraulic gradient caused by the constant head discharge boundary represented by the french 

drain, directing ground water flow paths originating west of the french drain toward the french 

drain. Time series modeling results, also presented in Appendix A, show that as the french drain 

continues to operate, the localized drawdown around the western terminus of the fiench drain will 

increase and cause the lateral extent of the capture zone to increase. Therefore, as operational 

time increases, colluvial ground water residing further and further west of the western terminus 

will be drawn toward the french drain and ultimately captured. 

3.0 ORGANIC CONTAMINANTS IN UPPER HSU GROUND WATER IN WESTERN OU1 

Figures 3 and 4 illustrate the analytical results of ground water sampling conducted during the 

OU1 Phase IIT RFI/RI and subsequent sampling in the vicinity of the western terminus of the 

french drain. These results indicate that organic contaminants occur at very low concentrations 

upgradient of the western terminus at wells 0187,5187,35391, and 37791. These detections do 

not exceed contaminant specific Maximum Contaminant Levels and were not repeated in 

subsequent sampling events. Also, the distribution and concentrations of organics detected do 

not indicate a continual source of contamination, nor do they indicate the presence of a plume 

of contaminated ground water. As the ground water upgradient of the french drain migrates 

down the hillside, degradation and dilution of organic compounds is expected to occur primarily 

due to low average horizontal ground water flow velocities (calculated at only 30 to 60 feet per 

year) and from fresh water recharge events (precipitation). Ground water flow directions and 

predicted drawdown in the upper HSU indicate that the fiench drain will ultimately intercept 

ground water from these wells as it migrates down the hillside. 
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4.0 CURRENT INFORMATION ON THE HYDROGEOLOGICAL IMPACTS OF 
FRENCH DRAIN OPERATION 

Water levels have been reported for the OU1 Phase ID RFI,RI monitoring wells and piezometers 

since the french drain was completed in February 1992 (Table 1). Water levels have dropped 

approximately 4 feet upgradient of the french drain at monitoring well 35691 since the french 

drain became operational, even during the wetter spring and summer months. Water levels 

further upgradient of the french drain (monitoring wellsO187, 5387, and 5487) have not 

decreased as dramatically. The localized lowering of the water table near monitoring well 35691 

can be attributed to the loss of ground water recharge to this area from the Building 881 footing 

drain system. Water from the Building 881 footing drain system was historically discharged to 

the skimming pond located south of Building 881. Upon completion of the french drain, this 

discharge was piped directly into the french drain and is no longer a source of recharge to the 

upper HSU. Figure 5 illustrates the lowered water table in the western portion of OU1 during 

the high water table conditions of spring. The lowered water table confirms, in part, the 

drawdown effect of the completed french drain system. 

Field observations of the western terminus area made September 18, 1992 indicate that the water 

table in the colluvium south of Building 850, west of the western terminus area, is near the 

surface. This was evident based on high water levels in the south interceptor ditch west of the 

french drain and based on the presence of seeps along the break in slope above the south 

interceptor ditch in this area. Recharge to this area occurs from surface water run off observed 

in ditches eminating from culverts and discharge pipes near the rim of the valley and under flow 

of groundwater from the Rocky Flats Alluvium. 

The high water table south of Building 850 confirms that a significant groundwater gradient 

exists toward the western terminus where groundwater elevations and water levels in the south 

interceptor ditch are lower. 
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5.0 IM/zRA FRENCH DRAIN MONITORING PROGRAM AND 
ROUTINE GROUND WATER SAMPLING PROGRAM 

0 To confirm the pre-operational interpretation of ground water flow path directions and 

effectiveness of the french drain during its operation, additional monitoring wells were installed 

during August 1992 under the IM/3RA french drain monitoring program. Figure 6 shows the 

locations of six wells in the vicinity of the western terminus. The capture zone around the 

western terminus of the french drain will be evaluated using water levels from these monitoring 

wells located south and west of the fiench drain. 

The newly installed IM/lRA fiench drain monitoring program wells will be sampled quarterly. 

Field parameters such as pH, specific conductivity, and temperature will be measured. Samples 

collected will be analyzed for Contract Laboratory Program (CLP) Target Compound List 

organics including volatiles, semivolatiles, and pesticides/polychlorinated biphenyls, and CLP 

Target Analyte List metals, radionuclides, and other inorganics. Samples of surface water runoff 

from the west parking lot at Building 850 will be collected quarterly and analyzed for the same 

suite of analytes called for by the IM/IRA french drain monitoring program. Surface water 

samples from the South Interceptor Ditch will be collected and analyzed as part of the routine 

ground water sampling program (Figure 5). 0 
Wells sampled during the OU1 Phase III RF'J/RI will continue to be sampled each quarter under 

the routine ground water monitoring program. 

The water level data collected under the OU1 Phase III RFVRI, the IMDM french drain 

monitoring program and the routine ground water monitoring program at and near the OU1 site 

will continue to be evaluated to determine the hydrological conditions upgradient and around the 

western terminus of the french drain. Any potential ground water contamination detected at 

monitoring wells FDOSA and FD04A will also be evaluated. Potential source areas will be 
identified by comparing the types and concentrations of analytes detected. If potential source 

areas cannot be determined using the existing array of wells and sampling locations, it may be 

10 Rclimiaary Assessmart McmomQm 
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recommended that additional monitoring wells or piezometers be installed upgradient or west of 

monitoring wells FDOSA and FD04A. These wells or piezometers could be installed under the 

existing IM/IRA french drain monitoring program if necessary. a 
6.0 SUMMARY 

Based on the data presented, no cohesive or distinct plumes of contaminated ground water exist 

downgradient of  the western portion of OU1. Likewise, it is unlikely that potentially 

contaminated ground water originating within the western boundaries of OU1 could bypass the 

western terminus o f  the french drain. Additional monitoring wells have been installed west of 

the western terminus as part of the IM/IRA fkench drain monitoring program to evaluate the 

effectiveness of the french drain. Quarterly sampling of ground water and surface water will be 

performed under the IM/IRA program as well as the routine ground water monitoring program. 

Analytical results from these programs will be evaluated to determine the presence or absence 

of other potential ground water contamination sources west of OU1. Based on the results of 

these sampling programs, additional monitoring wells or piezometers may be installed under the 

IM/IRA french drain monitoring program. 

- 
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